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Ueber das Maximalwachstum der japanischen 


Holzarten. 


Von 


Prof. Dr. Seiroku Honda. 


Mit Tafel I—IV. 

Als Beitrag zur Forderung des Forstwesens und der Naturdenkmalsfrage 
unternahm ich es, schon seit etwa 20 Jahren, die existierenden, historisch 
bekannten Riesenbiume in Japan und den Kolonien zu beschreiben. Dank 
dem freundlichen Bemiuhen vieler Herren, die im ganzen Lande forstlich tiitig 
sind, konnte ich im vorigen Jahre eine Menge Berichte daruber erhalten. 
Die in Frage kommenden Exemplare erreichten im ganzen die Zahl 5922. 
Von diesen wiahlte ich 1500 Exemplare aus und beschrieb sie in einem 
Buchlein ,, Dai Nippon Roju-Meibokushi ” (Forstlich und historisch bekannte 
Riesenbaiume in Japan), welches kurzlich (im Dezember 1913) in Tokio 
veroffentlicht wurde. Die folgenden Zeilen sind dem Buchlein entnommen. 


Da aber diese Arbeit noch unyvollkommen ist, hoffe ich sie spiter zu yervoll- 


stiindigen. 
I. JAPaNIscHe BAUME NACH THRER GROSSE: 
(Japanischer Name) (Lateinischer Name) 
Dee KUBSUN OKI seereteteslsieieieinieisieieie\e= Cinnamomum Camphora Nees et Eberm. 
PY ASUS eogpoodbuadenarooeNeegan Cryptomeria japonica Don. 
3. Taiwansawara ............-- Chamaecyparis formosensis Matsum. 
Ei, Mili Oliat Hoos GoeanbeenooeOod Ginkgo biloba L. 
By [SIDE 6 caagqend6doss0odadnoodeT Pasania cuspidata Oerst. 
6 Matsu sanoeooosnedoonodsnea0 Pinus Thunbergiit Parl. und 
P. densiflora 8. et Z. 
Wakwanokiueaerrstieisisselcie<sinicsls Aphananthe aspera Planch. 
GUST, poocosoesasocuNEEgoS- Cercidiphyllum japonicum 8. et Z. 


(Jour. Coll. Agric., Vol. VI, No. 1, 1915.] 


13. 


15. 


Rey alcirayeye ererein'oieieiave,oversieleceiciwiete 


SVAKUSNINY <)s)c/0's's(aleisieteieieisieis'e 


Ahab Sesagcogodacosecoaoaond 


Shio ji iwiccieehicee cielo meecite 


Momotamana .............. 5 


IR ONATANins(sleteiete FOOOSGOOORDIOD 


Haripiri 22 ychiece vomteleleleieets 
AKAShIGG {in jsmisessecis eee 


Kuroganemochi ..... 6 


Mukuroji....,.. 


HONDA : 


Zelicowa serrata Mak. 
Juniperus chinensis Ti. 
Sophora japonica YL. 

Prunus donarium Sieb. 
Aesculus turbinata Blume. 
Melia japonica G, Don. 

Celtis sinensis Pers. 

Ficus retusa L. var. nitida Miq. 
Fraxinus Sieboldiana Bl. var. samiucina Bl. 
Machilus Thunbergii S. et Z. 
Termindia Catappa L. 

Quercus glandulifera Bl. 
Chamaccyparis pisifera Endl. 
Chamaecyparis obtusa S. et Z. 
Torreya nucifera S. et Z. 
Salix sp. 

Quercus dentata Thunb. 

Abies firma §. et Z. 
Podocarpus macrophylla Don. 
Quercus serrata Thunb. 
Quercus sp. (immergriin.) 
Fraxinus mandshurica Rupr. var. japonica Max. 
Larix leptolepis Gord, 

Ulmus campestris Sm. var. laevis Planch. 
Kalopanax ricinifolius Miq. 
Carpinus laxiflora Bl. 
Firmiana platanifolia R. et Br. 
Bischoffia javanica Blume. 
Juniperus rigida S. et Z. 
Castanea sativa Mill. 

Acer sp. 

Gleditschia horrida Mak. 

Ilex Othera Spreng. 

Thujopsis dolabrata S. et Z. 
Elaeocarpus decipiens Hemsl. 
Sciadopitys verticillata S. et Z. 
Abies sachalinensis Mast. 
Podocarpus Nageia R. Br. 
Morus sp. 

Tex rotunda Thunb, 

Sapindus Mukurosi Gaertn. 
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II. Di GROSSTEN EXISTIERENDEN BAUME IN JAPAN : 
(Umfang an 1.5 m Hohe). 


1. Gamé-no Okusu, der Riesen-Kampferbaum (Cinnamomum Camphora) 
von Gamo. Auf Gamo, Aira-Gun, Kagoshima-Ken. Umfang 22.4 m; Hohe 
27m; Alter 800 (Taf. I). 

2. Kamishiroi-no-Okusu, der Riesen-Kampferbaum (Cinnamomum Cam- 
phora) von Kamishiroi. Aut Kamishiroi, Chilkuji-Gun, Fukuoka-Ken. Um- 
fang 21.8m; Hohe 18m; Alter 1800 (Taf. IT). 

3. Takaoka-Shichihonsugi, die siebengabelige Kryptomerie (Crypfomeria 
japonica) von Takaoka. Aut Suehiro-Cho, Takaoka-Shi, Toyama-Ken. Um- 
fang 20.0m; Hohe ther 36m; Alter uber 1000 (Taf. IT). 

4. Arisan-no-Shinboku, der heilige Baum von Arisan (Chamaecyparis 
Jormosensis). In Arisan, Kagiché, Formosa. Umfang 19.7m; Hohe 40m; 
Alter 2000 (Taf. TV). 

Dazu kommen noch folgende kleinere Exemplare yor:—je 1 Ginkgo 
biloba und Pasania cuspidata mit 19.4 m Umfang; 1 Oinnamomum Cam- 
phora mit 19.1 m Umfang; je 1 Cryptomeria japonica und Cinnamomum 
Camphora mit 18.8 m Umfang; 2 Cinnamomum Camphora mit 18.2 m 
Umfang; je 4 Cryptomeria japonica und Ginkgo biloba, 2 Wiefern, je 1 
Aphananthe aspera, Cinnamomum Camphora, Cercidiphyllum japonicum, 


Zedkowa serrata und Juniperus chinensis mit 17.6 m—15.2 m Umfang. 


II. Derr srairksTE EXISTIERENDE Baum: 


Gamé-no-Okusu mit 22.4m Umfang (Taf. I). 


IV. DER HOCHSTE EXISTIERENDE Baum: 
Kvyptomerie in Forstrevier Nagakizawa, Akita-Ken, von uber 60m Hohe. 
VY. DER ALTESTE EXISTIERENDE Baum: 


Arisan-no-Shinboku, 2000 Jahre alt. (Taf. IV). 


VI. Dim Ril&sENBAUME NACH IHRER ZAHL : 
1. Cryptomeria japonica, 


2. Cinnamomum Camphora. 


bo 


ol 


6 


20 
21 


8. 


. Kiefer. 


Ginkgo biloba. 


3 

4 

5. Zelkowa serrata. 
6. Prunus donarium. 
uf 


. Pasania cuspidata. 


8. Quercus sp. (immergrun). 


HONDA: 


VII. Tapettariscne Upersicur iBER DEN DURCHSCHNITTLICHEN Maxt- 
MALWACHSTUM DER JAPANISCHEN HOoLZARTEN. 
und Alter meist nach Schiitzung.) 


(Baumhohe 


uf ee Al 
3 5 
et FIA = = 
ee) Sa 3 = 
NK at 
A pe a 
Cinnamomum Camphora .......-.+ 129 15-18 36 1000 
(selt. 22.4) (selt. 45-56) | (selt. 1800-2000) 
Cryptomeria japonica .......+. ++. 286 18 55 800-1000 
(selt. 20.0) (selt. 64) (selt. 1000-2000) 
Chamaecyparis formosensis ...... 20 45 2000 
GIG ONOUOOE)  favcatacleletelaisisureisiaieiats 96 15 45 1000 
(selt. tiber 18) (selt. 62) (selt. 1500) 
Pasania cuspidata .............. 26 12 18 1000 
(selt. 19.4) (selt. 27) (selt. 1500) 
IReieferwrepnepe icici eiaete serovars 377 15 45 500 
(selt. 16.4) (selt. 1000-1500) 
Aphananthe aspera ......-2 2c. ee 20 11-12 27 400-500 
(selt. 15.8) (selt. 45-56) (selt. 800-1000) 
Cercidiphyllum japonicum ........ 16 9 27 500-600 
(selt. 15.1) (selt. 45) (selt. 1000) 
ZEUCOWG SCTTALG 0.0.50 cee calcs 119 15 27-36 1000 
(selt. 55) 
Juniperus chinensis .........ece0. 11 9-11 27 1000 
(selt. 15,1) (selt. 1600) 
Sophora japonica .............00 13 18 300-400 
(selt. 45) 
PPUNUS | CONATIUIMN = c,crsia.cicre eines slalels 98 12 18 400-500 
(selt. 1000-1800) 
Aesculus turbinata .........0005- 12 12 27-36 600-700 
(selt. 45) (selt. 1000) 
Melia SapOnicd <i.asicscesercisiecisene 1 12 24. 500 
Celtis” sinensis? Wanic<: 22 =| See tee 16 8-9 18-27 400-500 
(selt. 12.1) 
Ficus retusa var. nitida .......... 12 22 800 
Fraxinus Sieboldiana var. sambucina) 2 9 27 400-500 
Machilus Thunbergit ...........- 7 9 18-27 500 
Terminalia Catappa ............+. al 11 il 400 
Quercus glandulifera ............ 2 9 18 700-800 
(selt. 1000) 
Chamaecyparis pisifera .......... 4 9 55 500-600 
(selt. 1000) 
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a9 = 
z a8 a3 A 
Hi § ia Eyal q = 8 
A g 8 3 qv E| = 
Nel Be a 
22 |Chamaecyparis obtusa .......+.4+- 12 9 55 1000 
23 \Torreya nucifera .........--+..-- 15 9 36 1000 
BY IGE) 6 cease naoddooobauNaSoDgnade rai 6 36 300-400 
(selt. 9) 
25 |Quercus dentata...............-.. 3 9 27 400-500 
2G) Vela GlE) “SooonooondeEooseoNas 11 9 45 400-500 
(selt. 1000) 
27 |Podocarpus macrophylla ......-- _5 6 27 500-600 
(selt. 45) (selt, 1000) 
28 |Quercus serrata ...........+.--- 8 8 27 300-400 
(selt, 36-55) (selt, 900) 
29 |Quercus sp. (immergriin) ........ 21 8 27 400-500 
(selt. 36) 
30 |Fraxinus mandshurica var. japonica.) 15 8 20 300-400 
(selt. 1000) 
Sills | Zamna leptolepisamrnlele stele ties 1 8 36 400-500 
(selt. 1200) 
32 |Ulmus campestris var. laevis ...... 7 6 27 300 
(selt. 38-45) 
33 |Kalopanax ricinifolius .......... 11 7 18-27 300-400 
(selt. 36) 
34 |Carpinus laxiflora .............- 2 6 18 400-500 
(selt. 1200) 
35 |Firmiana platanifolia ...........- 1 6 18 400 
36 |Bischoffia javanica ...........+.- 1 6 18 250 
37 |Juniperus rigida ...........-..-- 2 6 18 
38 |Castanea sativa .............--- 4 6 18-27 400-500 
SE) torn -oontocoesaooocowsecnoonad 14 6 18-27 300-400 
(selt. 1000) 
40 |Gleditschia horrida .............. 4 6 18-27 300-400 
Asli eam Other assesses ceteccne vc 5 6 18 400-500 
(selt. 31) (selt. 1000) 
42 |Thujopsis dolabrata ............ 3 6 18 1000 
43 |Elaeocarpus decipiens ............ 1 6 u 900 
44 |Sciadopitys verticillata .......... 3 6 27 800 
(selt. 54) (selt. iber 1000) 
45 |Abies sachalinensis ............+ 4 6 36 400 
46 |Podocarpus Nageia .... ......... 6 6 18 700-800 
CUM Winther! Coonaceocoodnacnceeeee 7 5 18 300-400 
(selt. 1000) 
AGH | TlemaOeund OW meletsars\eialels|ol=\o\sle/e1<1-1=)-°- 2 5 9 300 
49 |Sapindus Mulcurosi ............ 1 5 18 300 


Ee 


6 8. HONDA: 


ERKLARUNG DER TATFELN. 


Tare I. 


Gamo6-no-Okusu, der Riesen-Kampferbaum (Cinnamomum Camphora) von Gam6. Umfang 
22.4m; Hiéhe 27m; Alter 800. 


Tare. II. 
Kamishiroi-no-Okusu, der Riesen-Kampferbaum (Cinnamomum Camphora) von Kamishiroi. 
Umfang 21.8 m; Hohe 18m; Alter 1800. 
Taret UI. 
Takaoka-Shichihonsugi, die siebengabelige Kryptomerie (Cryplomeria japonica) yon Takaoka. 
Umfang 20.0m; Héhe tiber 36m; Alter iiber 1000, 
Taret IV. 


Arisan-no-Shin boku, der heilige Baum von Arisan (Chamaecyparis formosensis). Urafang 19.7 m; 
Hohe 40m; Alter 2000. 
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Experimental Studies on the Embryonal Develop- 
ment in an Angiosperm. 


By 


Shunsuke Kusano. 


With Plates V-IX and 28 Text-Figures. 
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I. Introduction. 


In reviewing a large amount of literature dealing with the embryonal 
development and the accompanying phenomena in Angiosperms, one would 
easily find that the cytological study and the experimental or field work are 
in most eases not well co-operated. For instance, a thorough recapitulation 
attempted by Wuycer (08) on parthenogenesis and by TIscHLER (12) on 
parthenocarpy will amply show that many important data offered by experi- 
mental researches and field observations remain inexplicable for lack of 
cytological evidences. On the other hand, the cytology on the same subject 
concerns itself, in the vast majority of cases, with the cyto-morphological 
record, neglecting the experimental and physiological considerations. In going 


deeply into this matter no one would hesitate to place great importance upon 


EXPERIMENTAL STUDIES ON THE EMBRYONAL DEVELOPMENT, ETC. 9 


the combination of the two methods of study. In recent years the progress 
in our knowledge of plant breeding makes the need for researches in this 
way more urgent and pressing, but a deficiency of best-suited materials for 
the purpose appears to have greatly hindered our approach to the desired 
end. 

At the close of my study (Kusano, *11) on the mycorhizal problem of 
Gastrodia elata, an ecologically interesting orchid, my attention has been 
drawn to the cytology of its generative sphere. The present study was taken 
up originally with a view to learn the normal course of the embryonal deve- 
lopment, but during the progress of the work it fortunately came into my 
mind that the material suggested the possibility for experimental-cytological 
researches. Experiments prosecuted for a certain purpose, however, presented 
new problems one after the other, for the solution of which the scope of the 
experiments was necessarily extended so widely that the work done over a 
period of five years was yet far from completion. The subjects of special 
interest, with which I was so far concerned, were related to the occasional 
omission of the chromosome reduction and to parthenogenesis, parthenocarpy, 
and polyembryony. ‘These problems are all very interesting and important, 
but are so complicated as to need further experimental studies, to bring forth 
results of greater weight than those arrived at at present. With the results so 
far accumulated, however, I will now endeavour to give a general view. In 
recording them in the present article I will not dismiss from consideration 
those points which are not yet settled satisfactorily, but which excite greater 
interest for further investigations. It is proposed first to give an account of 
the normal course of the embryonal development and then to consider the 
accompanying phenomena on the basis of experiments. 

No record has hitherto been made on the cytology of the reproductive 
phase of Gastrodia, but on other orchids there are numerous investigations 
which haye more or less bearing upon the present subject of study. They 


will be mentioned in the course of this paper. 


II. Material and Methods. 


As I have already stated elsewhere (11), the flowering individual of 


Gastrodia is represented by a single hibernated tuber. Without any nutri- 
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tive communication with the surrounding medium, it develops towards the 
end of May a long inflorescence axis. Photosynthesis is quite lacking, and 
the flowers and fruits are produced exclusively’ by virtue of a limited amount 
of nutritive materials stored up in the tuber. On this account, the nutrition 
of the potted tuber can be maintained quite normally, when the latter is kept 
sufficiently moist. 

Tn furnishing the material for study the flowering potted tubers were 
brought into a laboratory room, while the inflorescence axes were yet very 
short. The growth of the axes and the development of the flowers went on 
vigorously, and a few flowers opened every day in succession in each inflores- 
cence. The normal course of development was studied on flowers pollinated 
on the day of bloom. For comparison, the development of flowers subjected 
to various kinds of treatment was followed out. After becoming acquainted 
with the finer details of the cytological features by means of the microtome, 
the fresh ovules in toto offered the cytological sequence during the embryo- 
sac development with comparative easiness and exactness, on account of the 
simple structure of their sporophytic portion. Especially, the presence of 
only a single cell-layer over the upper half of the embryo-sac, up to the 
time of fertilization, enabled me to take through it a clear view on the finer 
structure of the living sac. This advantage facilitated in great measure the 
observation of the successive stages in the gametophytic development on 
sufficient materials and accelerated the progress of the work. Regarding the 
important cytological features, however, I consulted microtome sections. 

To the best advantage for the experiment the flower showed a strong re- 
sistance towards various kinds of treatment. When the upper portion of the 
ovary was cut away and the cut surface was sealed with paraffin, the remain- 
ing portion could continue the further development undisturbed. In this way I 
could study, when necessary, several succeeding stages of the ovular deyelop- 
ment in one and the same ovary. An abscised inflorescence axis or a piece 
of it, when the cut end was placed in water, kept the flower quite fresh 
and healthy, and allowed it to develop the mature fruit. yen abscised 
flowers, if kept from drying, could remain alive until maturation of the seed. 

An unusually rapid embryonal development needed a hasty microscopi- 


cal examination of the ovule in following out its successive stages, and it 
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greatly hindered us in making an extensive comparative study on a large 
number of flowers which were subjected at the same time to different condi- 
tions. The present work was, therefore, extended necessarily over several 
years. In this way I could fortunately repeat the experiments and obserya- 
tions to obtain confirmatory results on certain important points. 

The study was chiefly made on Gastrodia elata, but a few tubers of a 
form, viridis Mak., also furnished material. This form is distinguished from the 
type by a blue greenish colour, smaller tuber, shorter and slender inflores- 
cence axis, and smaller flower and fruit. However, as regards the embryonal 
development no distinction could be found between the two forms. 

It seemed desirable to give in the present article the account of the reduc- 
tion division in the microspore formation as well as in the megaspore. The 
material for the former has not, however, given a complete series of stages 
and a fuller account will be reserved for a future communication. 

The material for studying finer nuclear features was treated by following 
the usual method: FLEMMING’s mixture and acetic sublimate as fixing fluids, 
and FLEMMING’s and HEMENHAIN’s methods for staining. In studying the 
general structure of the embryo-sae acetic aleohol was often used for the sake 


of convenience. 


III. Normal Course of Development. 


The account of the normal course of the embryonal development has a 
two-fold importance. First, it is to complete the life-history of Gastrodia 
in conjunction with a former paper (Kusano, ’11), in which the vegetative 
sphere has been dealt with, and thus to substantiate our knowledge of the 
Orchidaceae regarding the relation between the generative and vegetative 
spheres. Secondly, it may offer a basis for the discussion of the mutual 
relation among different phases in the embryogeny, which shall be attempted 
on the experimental researches. In connection with the latter object the 


development of the fruit-wall and the seed-coat shall be treated in detail. 


1. DEVELOPMENT OF THE EMBRYO-SAC. 


While the ovule is yet rudimental, representing itself as a short cylindri- 
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cal process on the surface of the placenta, and consisting of a single axial 
row of cells surrounded by an epidermal cell-layer, the terminal cell of the 
row is found differentiated into an archesporium cell, being easily distinguished 
by its larger nucleus and more densely staining cytoplasm than in other 
cells. As in other orchids already investigated, the archesporium cell be- 
comes directly the embryo-sac mother-cell, as may be seen at once from its 
nucleus reaching the synapsis stage. 

Synapsis is attained in the usual manner. At the resting stage the 
chromatin and linin substances are distributed in the nuclear cavity without 
giving a definite structure. Entering the presynapsis stage, an ageregation 
of chromatin and linin takes place, giving rise to a coarse reticulum (Fig. 1). 
As indicating the approach of synapsis, the nuclear reticulum contracts away 
from the nuclear membrane and the meshes of the network become denser in 
the central portion (Fig. 2). During this process it appears to accompany the 
withdrawal of the nuclear substances along the thread into the central portion. 
When the contraction proceeds further, the chromatic bodies and linin sub- 
stance are almost all drawn together in a {close mass round or generally near 
the nucleolus. The mass gives first the appearance of an entangled thread 
structure, beset with a few linin strands extending to the nuclear membrane 
(Fig. 3). These strands disappear afterwards almost entirely, and at the same 
time the mass assumes a compact, nearly homogeneous consistence, being 
represented as the synaptic knot (Fig. 4). The knot often shows such a 
compactness and structure as to give the appearance of a large nucleolus, 
being, however, distinguished from the true nucleolus by a strong staining 
sapacity. 

Following this midsynaptic period an entangled thread system begins to 
emerge from the knot (Fig. 5). The gradual loosening of the threads gives 
rise to the spiveme stage (Fig. 6). The loosening proceeds so far as to make 
a continuous homogeneous thread distribute itself in the whole nuclear cavity, 
chiefly running along the inner side of the nuclear membrane (Fig. 7). 

The construction of chromosomes from the spireme thread involves 
numerous phases, whose seriations and interpretations are so difficult that 
several controversial views yet prevail. In Gastrodia, I believe to have 


obtained serial stages so complete as to understand the main feature of the 
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chromosome formation correctly. However, to eliminate misunderstanding of 
events, the account will be reserved until supported by the facts furnished by 
an exact count of the number of chromosomes in the subsequent nuclear 
generations up to the stage of the embryo-sac formation and in somatic cells. 
Tn this place I shall pass to the general feature of divisions implied in the 
formation of the embryo-sac from the archesporium. 

The first division. Previous to the spindle formation, the nucleus of the 
archesporium lying first in the centre of the cell cavity is displaced a little 
towards the micropylar end (Fig. 24), so that the upper pole of the longi- 
tudinal spindle often comes close to the cell-wall, while the lower pole ap- 
proaches the centre of the cavity, to be surrounded by a dense mass of 
cytoplasm (Figs. 40, 42, 48). The departure of the daughter chromosomes 
from the equatorial plate for the pole is usually simultaneous (Figs. 44-48), 
but often an irregular distribution of the chromosomes on the spindle is 
observed at this stage. At the anaphase the displacement of the spindle 
becomes so apparent, that the chromosomes arrived at the upper pole often 
dash against the cell-wall, while those at the other pole are found occupying 
nearly the central position of the cell cavity (Figs. 51, 52). So long as the 
chromosomes are represented distinctly at the late anaphase, there can be 
found no difference in the phase of both poles. Entering the telophase stage, 
the process of reconstruction of both daughter nuclei proceeds somewhat 
differently ; while the anastomosing and dissoluting chromosome mass begins 
to enlarge in the lower pole, it remains smaller and compact in the upper 
(Figs. 51-53) ; sometimes, while the nuclear membrane appears on the lower, 
the upper mass remains naked. A rapid increase of the lower nucleus in 
size makes the different phases in both nuclei more prominent (Figs. 52, 53). 
Sooner or later the upper nucleus is compressed against the cell-wall, while 
the lower one grows to the full size (Fig. 54). 

The spindle fibres fade away centripetally from both poles, and at the 
time the lower nucleus is nearly completed the residual fibres are yet re- 
cognized between both nuclei. Throughout their median portion a cell-plate 
is laid down, and its peripheral extension divides the cytoplasm into a lower 
larger and an upper smaller half. During the fading of the spindle fibres 


we recognize a decrease of distance between the daughter nuclei, which is 
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enhanced by a rapid enlargement of the lower nucleus, especially in its 
longitudinal direction. The upper cell receives an exceedingly small amount 
of cytoplasm (Figs. 52-54), and is at first platy, becoming soon after crescent 
from compression by the enlarging sister-cell. ‘The crescent upper cell under- 
goes sooner or later disintegration; the nucleus almost without any growth 
disorganizes and assumes a coarse granular structure with an indistinct out- 
line (Fig. 56), and finally the whole protoplast is converted into a hyaline 
mass, heavily stainable with safranin and haematoxylin (Figs. 57, 58). In 
the mean time the nucleus of the lower cell attains to maximal size. At 
first it assumes an oval form with longer axis longitudinal to the ovule 
(Fig. 54); later it becomes ‘spherical and occupies just the same position as 
its mother nucleus. 

Frequently I could observe a split of the daughter chromosome at the 
anaphase stage (Fig. 49). However, in the majority of cases such a doubling 
of chromosomes could not be ascertained. Also the late telophase frequently 
gives a clear interkinesis, whereas the chromosome takes on an x-shape (Fig. 
52). 

The second division. In the lower daughter nucleus it is not easy to 
point out the real resting stage. The interkinesis is followed by the alveola- 
tion and dissolution of chromosomes (Fig. 53). When the reticulum appears, 
a certain number of small globules of a nucleolar nature come in view (Fig. 
o4). They are mostly similar-sized, though a few are far smaller. From the 
number, ranging approximately from 16 to 20 or thereabout, which corre- 
sponds nearly to the number of chromosomes, they may appear as if to 
represent the chromosomes in dispersal of their substance. The staining 
character, however, differs from the chromatic bodies. At about a similar 
stage I could find the nuclei containing one or two large typical nucleoli. 
Whether both represent quite the same stage, or if not, which of both stages 
precedes the other, is not clear. 

Following the reticulum stage, I could not find a continuous spireme 
thread. On the other hand, nuclei containing a nucleolus and chromosome 
segments in the peripheral arrangement came frequently under my observa- 
tion (Fig. 55). A somewhat irregular form of the segments, joined to each 


other with delicate linin thread, suggests their origin as not by segmentation 
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of a single spireme thread, but as condensation of the chromatic material from 
the reticulum. From a few countings the number of the segments appears to 
correspond approximately to that of the diploid chromosomes or their split 
number. With the disappearance of the nucleolus and the nuclear membrane 
the segments become more definitely shaped and distinct. In the figure, so 
far studied, the somatic number of chromosomes are counted* (Figs. 56, 57). 
The nucleus becomes elongated a little in longitudinal direction, with coarse 
fibres running freely in the same direction. The chromosomes retreat in the 
centre of the cayity in a more condensed form and as curved rods (Fig. 58). 

After the formation of the spindle the general mitotic features are quite 
similar to those of its mother nucleus: the spindle lies nearer to the micro- 
pylar end, the cytoplasm assembles more densely around the lower pole, ete. 
Also, as in the mother nucleus, we get in the lates anaphase similar groups 
of daughter chromosomes at both poles (Fig. 68); and entering the telophase 
the upper group remains almost without increasing in size, while the lower 
one shows conspicuous enlargement with the precipitation of the membrane 
round it (Fig. 69). By the second division of the archesporium we get daughter- 
cells quite similar to those resulting from the first division, the lower larger cell 
with a rapidly enlarging nucleus and the upper smaller cell.. The latter comes 
soon to obliteration and forms the second, hyaline crescent cup (Fig. 70). 

The two divisions of the archesporium represent the tetrad divisions, 
whereby we get here two ephemeral and one functional cell. The latter is 
the megaspore, or the embryo-sac-cell, which gives rise to an embryo-sac by 
further divisions (Fig. 70). 

A noteworthy fact during the tetrad divisions is, that the upper daughter- 
cell on each division scarcely receives any amount of cytoplasm, giving the 
indication of saving the cytoplasm in the archesporium for the functioning 
- megaspore. This conduct expresses clearly the significance of the division as 
a reduction of the nuclear contents, in full accordance with the formation of 
polar bodies during the maturation of ege-cells in animals. 

Embryo-sac. The megaspore nucleus, passing through the resting stage 
(Fig. 70), goes on to division. Condensation of the chromatic bodies and 


linin threads results in the formation of the spireme segments. Perhaps no 


* The chromosome number will be given later on. 
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single spireme thread has been formed previously. They are irregular in 
outline and connected by fine threads to each other. They represent the 
chromosomes. The broader bands, which occur frequently, may show an early 
stage of the chromosome segments. After the chromosomes become more 
compact (Fig. 71), they range themselves irregularly, with the disappearance 
of the nuclear membrane and nucleolus, on the multipolar spindle fibres (Fig. 
72). Becoming bipolar, the spindle lies centrally and longitudinally, accom- 
panying at both poles the same quantity of cytoplasm (Fig. 73). Thus 
differing from the previous two divisions, the megaspore is divided into two 
equal halves (Figs. 74, 75). The daughter nuclei lie in a symmetrical position 
in the cell cavity (Fig. 76). At the time of reconstruction of the daughter 
nuclei the spindle fibres are found persistent between both nuclei (Fig. 77). 
Owing to the enlargement of the cell the cytoplasm becomes more vyacuolate 
on the lateral side of the persisting fibres. Even after the disappearance of 
the fibres there can be seen a string or strings (Fig. 78) of cytoplasm as a 
median connecting strand between the plasmic masses assembled round the 
upper and lower nuclei. 

In this division no cell-plate is formed on the fibres, so that the daughter 
nuclei lie freely in a common cell cavity and enter into the resting condition 
with a prominent nucleolus and a usual reticulum structure. 

Owing to the further enlargement of the cell cavity the enlarging vacuoles 
come ultimately to fuse together. 

According to the arrangement of cytoplasm and vacuoles at the binucleate 
stage of the sac, the features of the further development present certain varia- 
tions. As showing the typical course of development, two daughter nuclei, 
lying at the opposite end of the cell and being surrounded by an equal 
quantity of cytoplasm, grow up equal in size (Fig. 78), and at the time each 
nucleus undergoes division, the upper and lower halves of the cytoplasm are yet - 
connected by the median plasmic string. Under this condition both spindles, 
presenting nearly the same stage and acquiring nearly the same size, lie at 
right angle to each other, the upper being transverse to the long axis of the sac, 
while the lower being longitudinal. Such an orientation of two spindles is 
warranted when they happen to lie in a common mass of cytoplasm (Figs. 


80, 84), which appears to occur when the cytoplasm is richer in amount. 
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More frequently, a large vacuole occupies the central position of the cell 
cavity, and the protoplast is divided into the upper and lower halves, being 
only connected by a thin plasmic membrane along the cell-wall. In this case 
the direction of the lower spindle is mechanically hindered to orientate itself 
longitudinally, that is, at right angle to the upper one (Figs. 79, 81, 82, 83, 87). 

With the succeeding two divisions of the megaspore nucleus we get four 
nuclei. No further division takes place and thus the embryo-sac is organized 
with four nuclei. 

In forming a complete sac one of the sister nuclei at the charazal end— 
the upper one when the direction of division is longitudinal—traverses towards 
the micropylar end and comes to be embedded, together with the two nuclei 
at the micropylar end, in a common mass of cytoplasm (Figs. 93-95). Later, 
the limiting plasmic membrane is precipitated between each two nuclei (Fig. 
95), often preceded by the formation of the fibres (Figs. 93, 94). The original 
upper two nuclei are organized into the synergids, and the one coming from 
the charazal end forms the ege-cell. The remaining charazal nucleus lies 
freely in the sac, being surrounded by a small quantity of cytoplasm left 
behind during the formation of the egg-apparatus, and functions as the pole 
nucleus of the sac. Afterwards it is often found attached to the ege-apparatus 
(Figs. 97, 98). 

When a large central vacuole is present in the sac, the charazal nucleus 
forming the ege traverses upwards peripherally along the plasmic membrane 
surrounding the vacuole (Figs. 94, 95). 

At the binucleate stage of the sac I often observed the unequal gather- 
ing of cytoplasm at both ends of the sac, the latter being separated by a 
large central vacuole, with always a lesser amount in the lower (Figs. 82, $3). 
Sometimes the unequal distribution proceeds so far as to leave the lower 
nucleus in a thin plasmic layer, or, in extreme cases, almost nakedly along 
the cell-wall (Figs. 86-89). Under this condition the growth of the lower 
nucleus is much disturbed, and its division gives rise to a smaller spindle 
(Figs. 87, 88), placed necessarily in transverse direction, that is, in a plane 
parallel to that of the upper spindle. The resulting daughter nuclei are 
consequently much smaller (Fig. 85). In this case the egg-forming nucleus 


is smaller than the synergid ones. However, in organizing into an ege-cell 
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it may become equal to, or exceed, the synergid nuclei in size. When an 
extremely small amount of cytoplasm is left on the charazal end, the nuclear 
division takes place with difficulty, and thus the complete organization of the 
embryo-sac would be scarcely possible. Two sister nuclei are then exceed- 
ingly small and perhaps unable to separate from each other. It is almost 
customary that they lie in close contact (Fig. 91). Careful examination shows 
that they may in some cases fuse together (Figs. 90, 91). As showing the 
fusion we obtain dumb-bell-shaped, rarely spindle-shaped nuclei, provided 
with two distinct nucleoli. I could not find a two-nucleolate nucleus svhich 
assumed a spherical form as showing a further stage of fusion, though it 
might possibly occur. The serial stages I reproduced (Fig. 91) for fusion 
may also point out the reversal process, that is, amitotie division. However, 
as spindle figures are found commonly at the corresponding place of the sac, 
the occurrence of amitosis appears rather improbable. 

As an extreme case we find an abnormal formation of the lower spindle 
from the naked charazal nucleus. At the anaphase the daughter chromosomes 
give an impression as if about to dissolve into a more or less homogeneous 
mass (Fig. 88). While it is on the way to the pole, the spindle fibres become 
faint, and two homogeneous masses are left behind (Figs. 89, 92). The forma- 
tion of the functional daughter nuclei is in this case unsuccessful. 

All these abnormal nuclear features appear to be connected with a small 
amount of the surrounding cytoplasm, in consequence of, I believe, an un- 
favourable nutritive condition. The fusion of the daughter nuclei will be 
ascribed to their hungry condition, as can be seen in the instances given by 
Nemec (10), Bonner (’12) and others (TiscHLer, *12, p. 20). 

IT had no oceasion to make an extended observation and study how an 
incomplete development of the charazal nucleus is induced. So far as 
observed, it appears a fact that, when the amount of cytoplasm is relatively 
smaller at the binucleate stage, the cell cavity becomes occupied by a cor- 
respondingly larger central vacuole, whereas the cytoplasm is extended into 
a thin plasmic membrane around it, while its main portion is massed at the 
upper pole. Such an arrangement of cytoplasm can be seen in flowers deve- 
loping under ordinary conditions, yet it oceurs more frequently when the 


flower is subjected to unfavourable nutritive conditions. 
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2. FERTILIZATION. 


The pollen-tube, after generally more or less torsion, finds its way 
through a single layer of the nucellular cells into the embryo-sac, and_ its 
tip advances a short distance between the cells of the egg-apparatus. The 
foremost nucleus in the tube is slightly larger than those immediately follow- 
ing it; it represents the tube nucleus. In a microtome section I could find 
that the wall of the tube gave an appearance at its apex as if gelatinized 
for discharging the tube contents (Fig. 98). As to whether the tube dis- 
charges into one of the synergids or outside it, I could not determine exactly. 
But as showing the discharge, there appears an hyaline mass corresponding 
in size to the synergid. In fresh material it looks like a gelatinized substance 
and in fixed material it is characterized by taking on safranin or haematoxylin 
heavily. ‘The consistence is not homogeneous, and we can point out usually 
one or two denser spherical portions (Figs. 99-101). This mass may often 
show a connection with the disintegrated tube-wall. From the size the mass 
may be taken as having originated from the contents of the tube and synergid, 
as usually assumed. 

The fusing stage of the sexual nuclei was observed in many living 
ovules, but the successive processes of fusion could not be followed out in one 
and the same ovule. The male nuclei, which have been oblong in the tube, 
take an oval or spherical form during the movement towards their mate 
nuclei. The male nucleus entering the egg-cell can be distinguished from 
the female by its smaller size (Figs. 99, 100). The other male nucleus 
migrates downwards and approaches the pole nucleus with which it is to fuss 
(Fig. 101). 

There occurs a triple fusion in the pole nucleus, a male nucleus, and a 
synergid nucleus. The latter two nuclei do not differ either in size or in 
form, so that which of them fuses earlier with the pole nucleus is scarcely 
possible to determine. The occurrence of the triple fusion is better shown by 
the fact that three nuclei come closely together (Fig. 101), and only a single 
nucleus is found at that place at later stages. It may be remarked in this 
connection that a marked deformation of the pole nucleus or the presence of 


more than one nucleolus in it cannot be taken as an indication of its fusion 
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with both a male and synergid nuclei, or with one of them. In my opinion 
this character of the pole nucleus points to its high activity concerning the 
nutritive function, which can be seen even previous to the entry of the 
pollen-tube (Fig. 95) or to fertilization (Fig. 98). 

A quite similar fusion has already been reported by Pace (07) in Cypri- 
pedium, which is characterized by having the 4-nucleate embryo-sac. In the 
similarly reduced sac in some Onagraceae, however, GEERTS (’09) and Mopr- 
LEWskr (’09) did not ascertain the fusing action of the synergid nucleus. 
The triple fusion occurring in the 4-nucleate embryo-sac of orchids may show 
the same significance as in the usual 8-nucleate embryo-sac. But the 
morphological dignity of the fusing nuclei is not the same in both; in the 
latter sac one is the male, the other two are the upper and lower pole nuclei, 
while in the former sac one of the pole nuclei is replaced by a synergid 
nucleus. It may also be noted that, so far as observed in Gastrodia, the 
fusing affinity is not exhibited between the synergid and pole nuclei, in case 
the sac must remain long unpollinated or unfertilized, while in the 8-nucleate 
embryo-sac the upper and lower pole nuclei may fuse generally previous to 
fertilization. Yor securing fusion the synereid nucleus must be liberated from 
its cell. Perhaps this conduct of the synergid would be induced in connec- 
tion with the discharging action of the pollen-tube. 

Generally the triple fusion takes place later than the fusion between the 
sexual nuclei. It is often the case that three nuclei remain closely together 
but unfused in the sac, in which the elements of the ege and male nuclei 
have already mingled (Figs. 101, 102). As showing a great delay of 
the triple fusion we find the pole nucleus in contact with a smaller 
nucleus (male or synergid nucleus), when the fertilized egg has undergone 
the first division (Fig. 105). Such a ease seems to show the fact that the 
double fertilization does not take place, as ascertained in some orchids by 
NawascuHin (00) and SrraspurcEr (’00). But a careful examination of the 
embryo-sacs, in which the embryo has grown to a few-celled stage disproves 
it, since a single nucleus is invariably present as a fusion product of the 
three nuclei. This was ascertained not only in microtome sections but most 
distinctly in the living material in toto, in which the clearness of view elimi- 


nated all chances of error of observation. 
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3. Tar Empryo AND THE ENDOSPERM NUCLEUS. 


Soon after fertilization the egg-cell elongates into a club-shaped body 
with the protoplast accumulating on the apical portion. A transverse division 
takes place and results in the formation of the apical compact and basal larger 
cells (Fig. 105). The successive divisions in the same direction produce a longi- 
tudinal row of cells representing a proembryo. Its apical cell then divides 
longitudinally, and from then on the division taking place in both directions 
increases the number of cells till an cyal embryo results. 

Without differentiation of the body organ the embryo can attain maturity 
as ap oval, multicellular mass as in other orchids. The mature embryo ap- 
pears in the fresh state pale yellow, packed with granular reserve materials, 
of which starch is an essential component. Before maturation of the embryo 
the suspensor shrinks and is found attached to the pointed end of the em- 
bryo as a brownish remnant. A hyaline mass originated from the pollen- 
tube and synergid persists until the embryo has nearly completed its develop- 
ment. 

The mitotic division in the embryo proceeds similarly as in other 
somatic cells. In the prophase thick coiled spiremes appear and they give 
rise to the chromosome segments, 16 in number (Figs. 103, 104). The 
chromosome assumes the form of a longer or shorter rod. 

Throughout the development of the embryo the endosperm nucleus 
remains undivided and in the resting condition, being surrounded by a small 
quantity of the radiating cytoplasm. Unless compressed between the growing 
embryo and the wall of the sac, as is often the case, it shows, unlike the 
pole nucleus, no deformation, and assumes a spherical form. Jt persists as 
such till the embryo attains the maximal size. 

In a similarly derived endosperm nucleus of Cypripedium Pace (07) 
mentioned several dividing stages and traced up its division into four nuclei. 
She showed also an embryo-sac in which the embryo, much advanced in 
development, accompanied three disintegrated nuclei. According to her, they 
are not the endosperm nuclei, but those for triple fusion, to which, however, 
they do not succeed. In the 4-nucleate embryo-sac of the Onagraceae the 


endosperm nucleus, which is the product of fusion of a pole and male nuclei, 
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divides to form an ephemeral endosperm. With Gastredia, devoid of endosperm, 
oeeurrence or non-oceurrence of the triple fusion seems to be indifferent for 
the nutrition of the embryo, but, unlike Cypripedium, it is almost universal 
that the fusion takes place to produce an undivided endosperm nucleus. 

The pole and endosperm nucleus can be distinguished by the difference 
in their activity. The pole nucleus, as soon as the embryo-sac is completely 
organized, is thrown into a marked deformation, increases its chromatic con- 
tents, and contains 2-3 nucleoli, as already noticed. We assign to these 
characters a similar activity as exhibited by the antipodal cells in some of 


the usually organized embryo-sacs, which have been assumed as participating 


Text-fig. 1. An ovule containing Text-fig. 2. An ovule containing 
two archesporium cells side by two archesporinm cells one above 
side. x 900. the other. x 900. 


in the nutritive function. On the other hand, the endosperm nucleus is 


always spherical and in resting condition. 


4. ABNORMAL FORMATION OF THE EXMpryo-Sac. 


Some ovules contain two archesporium cells, lying sometimes side by 
side (Text-fig. 1) und sometimes one above the other (Text-fig. 2.) The 
development of their nuclei is precisely at the same stage. That both cells 
represent the archesporia is evidenced by the nuclei assuming synapsis. 

The occurrence of two sporogenous cells in one ovule was observed by 
Pace (09) in Calopogor. In Gastrodia it is not so common as reported by 
her, but IT was able to find a few of such ovules on each slide prepared from 
some ovaries. At the synapsis stage or thereabout two cells are limited by 
a single membrane between, but not by the nucellular tissue as found by 


Pace, in some cases, in Calopogon. 
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The sequence of the archesporium cells during the formation of the 
embryo-sac! could not be followed out further than the first nuclear division. 
Similarly, Pacz did not mention the stages further than the megaspore 
formation. However, while examining the ovules in toto advanced for the 
seed formation, I often found the ovule with two embryo-sacs, each contain- 


ing a young embryo. It is evident that two archesporium cells have undergone 


Text-fig. 3. A young seed with Text-fig. 4. A similar seed with 
two embryos in sacs lying side by two sacs lying one above the other 
side (9 days after pollination), (10 days after pollination). x 150. 
x 150. 


normal development. In one case the sacs arrange themselves side by side 
(Text-fig. 3). Each micropylar end is surrounded by intact nucellular cells 
in the usual fashion. Two sacs receive independently pollen-tubes, and as 
an indication of fertilization a hyaline mass is found in each sac, attached to 
the suspensor. Being provided with an endosperm nucleus, each sac exhibits 
a quite normal inner structure. The compressed nucellular tissue is interposed 
between both sacs. Certainly, the two sacs have genetic connection with two 
archesporium cells lying side by side. 

In the other case two sacs are arranged one above the other (‘Text-fig. 
4) being limited by a membrane between. While in the upper sac the 
upper end occupies the position just below the micropyle, being surrounded 


by the typical nucellular cells in the usual way, it lies in the lower sac far 
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below on the lateral side of the upper sae, and is in direct contact with the 
compressed nucellular cells. Each sac is provided with a few-celled embryo 
and an endosperm nucleus. As a remarkable fact, only a single pollen-tube 
is found to pass through the micropyle. Fertilization of the upper egg is 
clearly demonstrated by the entry of the tube into the sac and by the presence 
of a hyaline mass in connection with the tube. How the lower egg derives 
the embryo remains in question. For in two or three ovules with the strue- 
ture under consideration, which I was able to observe, the entry of the 
pollen-tube into the lower sac is by no means ascertained. Moreover, the 
position of the sac and the compactness of the ovular tissue overlying it lead 
us to the view that the sac does not receive a special pollen-tube. Hence it 
may be provisionally assumed that the egg undergoes parthenogenetic deve- 
lopment or it is fertilized, though less probably, by one of the male nuclei 
set free in the upper sac and entering the lower one through the limiting 


membrane between. 


5. CHromosomME NuMBER AND REDUCTION DIVISION. 


After studying karyokineses throughout all stages in the embryonal deve- 
lopment and noticing the number of chromosomes in the gametophytic and 
sporophytie tissues of the ovyule, I am now in a position to consider in detail 
the manner of reduction division. During nuclear divisions, through which 
the embryo-sac is formed from the archesporium, I found in a large number 
of ovules that the number of chromosomes was double that of others, pointing 
to the omission of the chromosome reduction. As this is a most important 
matter closely bearing upon the ovular development, I have paid special at- 
tention to determine the exact number of chromosomes. Careful countings 
have been made on the spindle figures or equatorial plates in side, oblique, 
or polar view, carefully noting the occurrence of a longitudinal split of the 
chromosome. 

Consulting the archesporium, its daughter-cells, the megaspore, the 
embryo-sac at the two- to four-nucleate stages, the embryo at the two- to 
many-celled stages, and also epidermal as well as funicular cells of the ovule, 
the diploid number of chromosomes was determined to be 16 or rarely 18, 


and consequently the haploid number to be 8 or 9. The subject of considera- 
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tion in this place is that the dividing figures of the gametophyte show both 
the haploid and diploid number of chromosomes. 

Beginning with the archesporium the diploid number was ascertained to 
oceur throughout almost all successive nuclear generations in the gametophyte. 
The relative number of ovules whose gametophyte contains the diploid echromo- 
somes could scarcely be estimated with precision, since the required nuclear 
features for counting chromosomes were not presented at once in all the ovules. 
For the same reason it was difficult to confirm whether individual variations 
occurred among ovaries regarding the proportion of the number of the haploid 
and diploid ovules or not. But it will be seen from the following table that 


a large number of ovules develop the diploid ege (see Table I). 


Table I. 


Showing the number of ovules in which the number of chromosomes was estimated during 
the development of the gametophyte'. 


Number of ovules 
Nuclear generation. Karyokinetic stage. 

Haploid | Diploid 
1st generation (archesporium nucleus) ...... Chromosome formation 0 o2 
Fa s = o Equatorial plate 38 24 
aM Cee ester) | eee agin. |e. lca 
3rd op (daughter cell to megaspore) .. ” 3 8 
4th 5 (megaspore to 2-nucleate sac) .. FP 8 3% 
5th » (2- to 4-nucleate sac) .......... Anaphase 4 1 
BEST) DIVO pate orators cfr ee etc) s aosaicsaverdy siaveralls 0 64 


At later nuclear generations I encountered difficulties in finding sufficiently 


clear figures which presented each chromosome distinctly. Nevertheless, it is 


1. In the table are given only those ovules which presented such clear nuclear figures that 
they enabled me to determine the exact number of chromosomes. 

2. More than a hundred. 

3. In two other figures showing the equatorial plate approximately 16 chromosomes were 
found; they appeared to represent the daughter halves of the haploid chromosomes. 

4, Further, I found 32 chromosomes in two other figures showing the equatorial plate in 
polar view, appearing to represent the daughter halves of the diploid (16) chromosomes. 
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evident, as the table shows, that the megaspore nucleus may contain the 
diploid chromosomes, and it distributes the same number of chromosomes into 
its daughter nuclei. It can be imagined that the diploid megaspore is unable 
to develop a complete embryo-sac, obliterating itself at a certain subsequent 
nuclear generation. In fact I could often observe the disorganization of the 
embryo-sac at the four nucleate stage, but it scarcely occurred earlier than 
this stage. The disorganization appeared to present individual variations 
according to different ovaries, so that in some it occurred more frequently, 
while in others nearly all the ovules developed quite healthy. At present I 
have no evidence to prove an inecapability of the diploid megaspore for com- 
pleting the embryo-sac. 

A certain individual difference of plants in external appearance’ attracted 
our attention as to whether there was an individual variation in the chromo- 
some number, the diploid number being 32. in some and 16 in other stocks. 
However, it was disproved by the fact that somatic cells contained invari- 
ably 16 or 18 chromosomes showing the diploid number, and in one and the 
same ovary both 16 and 8 chromosomie nuclei were found in the gameto- 
phytes. 

These facts would sufficiently justify the conclusion that certain ovules 
derive the embryo-sac at the omission of reduction division. 

We now come to inquire whether the plan of the first mitosis in the 
embryo-sac mother-cell is fundamentally different, according to whether the 
chromosome reduction takes place or not. On examination of innumerable 
ovules it appears that all mother-cell nuclei pass through synapsis. As 
shown in the adjoining table (Table II), two days before bloom, more than 
one half of the nuclei in an ovary attain to the midsynapsis stage (knot), 
while the rest are yet at the presynapsis stage (reticulum stage). On the 
next day, that is, a day before bloom, postsynapsis predominates midsynapsis. 
It is almost certain that midsynapsis was attained at this period by those 
nuclei which had been at the presynapsis stage on the preceding day. Again, 
on the day of bloom, a certain number of nuclei is still found to be at the 
midsynapsis stage ; they might have been at the presynapsis stage on the 


1. Some tubers develop somewhat pale-coloured, smaller flowers upon slender inflorescence 
axes. 
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preceding day or days. Such a numerical relation of several nuclear stages 
on successive days may also be presented, if the presynaptic reticulum is 
converted directly into the spireme without passing through synapsis; but as 
no stage was ever found, which might show the spireme thread to have been 
derived following the usual process of the somatic mitosis, it may rather 
favour the view that the division in all mother-cell nuclei begins with such 


a plan as characterizes the heterotype mitosis. 


Table IT. 


Showing in each ovary the relative number of different mitotic phases of the archesporium 
nuclei; the ovules were taken from a few sections of each ovary. 


Period. 
Nuclear stage Two days before bloom One day before bloom The day of bloom 
Ovary | Ovary | Ovary | Ovary | Ovary | Ovary | Ovary | Ovary | Ovary 
I If If I IL Ill I IL Ii 
| 
*Presynapsis 223 75 146 
(reticulum) . .] (44.89%) | (15.09%) | (23.9%) |? p a 0 0 o 
Midsynapsis 274 350 463 83 95 8&8 21 4 9 
(3010) (55.0) | (70.0) | (75.8) | (21.19%) | (15.69%) | (16.09%) | (7.394) (4.596) 
VOSS, SAREE 75 311 | 513 | 459 35 52 
’ E E 52 935 148 152 
a 9 = 
soe” a (od (15.0) zi (78.9) | (84.0) | (82.2) | (821) | (67.0%)} (76.0) 
(chromosome 7 ov 
* 7 23 31 27 
formation) .. 1 0 0 0 1 7 (8.0) (14.0) | (13.5) 
First spindle .. 0 0 0 0 1 1 if 18 8 
Daughter-cell 
Btige ie. 0 0 0 0 (0) 0 0 11 3 
Megaspore stage. 0 0 0 0 0 0 0 9 0 
Total number i 
of ovules ex-}| 498 500 611 394 610 550 286 221 199 
amined .. . 


From the above we may infer that the differentiation into the heterotype 
and homoeotype mitoses takes place at a stage later than synapsis. An 
exact stage of differentiation can be determined from the following observa- 
tions : 


1. The distinct chromosomes, appearing while the nuclear membrane 
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and nucleolus still persist, are invariably 16 (seldom 18). They are in 
peripheral arrangement (Figs. 21, 23, 24) and take on a piriform shape. 

2. With or after the disappearance of the nuclear membrane and 
nucleolus the chromosomes retreat from the periphery towards the centre of 
the nuclear cavity. It is first at the period when the ageregated chromosomes 
are arranged in an equatorial plate, that we can find distinctly 16 chromosomes 
in some (Figs. 41-43) and chromosomes in other nuclei (Figs. 28, 36, 38). 
Each chromosome is in the former case oval, rod-shaped, or piriform, and in 
the latter it is as.a rule a curved rod. 

3. The 8- and 16-chromosomic spindles present a somewhat clear difference 
in width. The 8-chromosomie spindle is generally narrower than the 16- 
chromosomic one (compare Figs. 40, 45 and Figs. 43, 47, 48). This does 
not seem to be connected, as might be expected, with the spatial relation in 
the arrangement of the larger and smaller number of chromosomes. I take 
it rather as being due to the phase of arrangement of chromosomes in both 
cases. For, in the majority of cases, 8 chromosomes are found more closely 
together, often touching each other (Fig. 38), than 16 chromosomes aggregate 
(Fig. 41). In the former it frequently happens that a close approximation 
of chromosomes obscures their individuality, while we recognize in the latter 
case a certain space among chromosomes. 

These observational facts demonstrate that the individual chromosomes 
may sometimes fuse pairwise on coming to the equatorial plate. Each chromo- 
some on the 8-chromosomie spindle is, therefore, of bivalent nature. No other 
interpretation is possible for an apparent reduction of the chromosome num- 
ber first at the metaphase stage. With this conception we can arrange with 
ease the several stages acquired by different nuclei about this period in their 
natural sequence. After retreating from the periphery 16 chromosomes come 
into the centre of the nuclear cavity, being drawn together (Fig. 25), loosely 
in some nuclei and very closely in others, sometimes so close as if to fuse 
altogether into an irregular mass. In some nuclei where the chromosomes 
are closely arranged, but in such a state as easily and distinctly countable, 
we can ascertain the decrease of the chromosome number, accompanying the 
appearance of larger, dumb-bell- or curved rod-shaped chromosomes. Such a 


> 


phase (Figs. 26, 27, 28) shows beyond doubt the fusing process going on. 
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As it takes place previous to the appearance of the typical spindle, it cannot 
be mistaken as showing the splitting process of 8 bivalent chromosomes into 
daughter halves, the opposite process, taken at the late metaphase. 

Such are our conclusions reached on the basis of apparent facts, which 
permit no speculative consideration on events of the nuclear features so far 
concerned. Attaching a great weight to these facts, we may now turn back 
upon the complicated process through which the chromosome is formed. 

As already described in the first part of this paper, fine spireme threads 
in nearly homogeneous thickness throughout loosen out of the synaptic knot. 
They show first entanglement, but disperse gradually singly and traverse the 
entire cell cavity. Later, they arrange themselves regularly along the inner 
side of the nuclear membrane. The surface view at this stage reveals that 
they are apparently endlessly distributing themselves uniformly without 
frequent crossing (Fig. 7). While perhaps showing an increase in length, they 
become thinner in thickness but denser in arrangement. At this stage the 
course of the threads becomes irregular, making anastomotic connections at 
several points, often producing a network with somewhat regular meshes 
(Fig. 8). We often recognize two threads running closely parallel for greater 
or lesser distances (Figs. 9, 10). This seems to be an occasional event, since 
in no case haye I been able to trace the parallel arrangement throughout 
their entire length. As far as my observation goes, there is no strong 
evidence for the general occurrence of a longitudinal split of the spireme or 
of the parallel: association of two independent systems of threads (maternal 
and paternal), as interpreted in a vast majority of cases in reduction divi- 
sion. 

At the time of an anastomotic arrangement, the spireme threads lose 
their homogeneity ; sometimes thinner and thicker portions are distinguished, 
sometimes beaded accumulation of chromatic substance can be observed. 
Later, the meshes become irregular (Figs. 9, 11) and the threads become 
more dense at the angles of meshes. Such a change indicates the condensa- 
tion process of the chromatic substance. It proceeds further to condense the 
substance at certain portions of the meshes, by which the network appears to be 
broken into a definite number of pieces of irregularly contracted meshes (Figs. 


11-13). A certain figure (Fig. 12) representing a stage of this conduct may 
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sometimes resemble closely that given at the presynaptic reticulum (Fig. 1). 
But that it shows actually a postsynaptic stage can easily be confirmed by 
the seriation of the stages preceding and succeeding it. 

Each chromatic mass thus formed represents the origin of an individual 
chromosome (Fig. 14). At first it shows no regularity in form, as the process 
of condensation presents a certain variation. Sometimes the chromatic sub- 
stance appears to accumulate along two parallel segments of threads on the 
meshes (Figs. 14, 15), or throughout their peripheral segments in a 
loop or ring form (Fig. 17-19). Perhaps according to different manners of 
condensation the chromosome origin is represented as two parallel segments, 
a ving, or a loop, always with an irregular margin and joined to each other 
by linin threads. As a rule, there appear 16 of such chromosome origins. 
During the subsequent stages, in which further condensation and contraction 
ensue, it is observed that they assume an alveolated structure (Fig. 16), 
being presented perhaps by approximation or fusion of the two parallel 
segments, of the two arms of the loop, or of both sides of the ring. As the 
result, the chromosomes take on irregular broad bands (Fig. 22). Attaining 
to the final stage of condensation they assume a smooth, compact, and piriform 
appearance (Fig. 23). 

The general features presented by the postsynaptic spireme, from its 
network arrangement till the formation of the chromosome segments, may 
show a striking resemblance to the corresponding stages of the reduction 
division in certain plants. For instance, in Primula-hybrids studied by 
Diaby (712), anastomosis can be observed in the postsynaptic spireme shortly 
before the loop formation. So that, in Gastrodia the frequent occurrence of 
the chromosome origin as a loop or ring may be with strong reason looked 
upon as the process of formation of the bivalent chromosome. In fact, certain 
figures are strongly suggestive of the reduction division in usual fashion; in 
well-differentiated sections two deeply staining masses are found in the 
matrix of the loops or rings, 16 pairs in full number (Figs. 19, 20). As 
showing a succeeding stage, the chromosomes reveal the duplex nature and 
exhibit precisely the same figure as the typical diakinesis oceurring during 
the usual heterotype mitosis (Fig. 21). However, that they are not actually 


bivalent in nature, is evidenced by the fact that the number of such chromo- 
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somes is generally 16, just corresponding to the fall set of univalent chromo- 
somes. 

The duplex character of the chromosome is a vexed question with me. 
We recall here the double type of chromosomes known in increasing instances 
of the somatic division, where it has been caused as the result of a longi- 
tudinal fission (see a review of Gates, 711). An occasional appearance or 
disappearance of this character may be perhaps due to an artifact, as 
LUNDEGARDH (’12) maintains. 

Tt frequently occurs that 16 chromosomes thus formed are not all equal- 
sized or even equal-shaped. We find one or two longer ones in a rod 
form. First, the chromosomes arrange themselves in the periphery along the 
membrane (Figs. 21, 23, 24). The achromatic substance begins to organize 
into more or less fibrous structure (Fig. 24). When the chromosomes are 
retreating from the periphery, a multipolar spindle can be found at times 
(Fig. 25). 

Among the chromosomes in the peripheral arrangement it is quite im- 
possible to recognize their mutual connection. Notwithstanding this, we can 
conceive a certain affinity between each two of them, as evidenced by the 
act of the pairwise conjugation in coming to aggregate in the centre of the 
nuclear cavity. However, as already mentioned, the conjugation does not 
take place in all cases. When it occurs, we obtain 8 bivalent chromosomes 
on the equatorial plate; if not, 16 univalent chromosomes can be distinctly 
found. The mitotic process diverges first at this stage either to follow the 
heterotype or homoeotype division. 

Nothing definite can be stated as to how the conjugation of the chromo- 
somes can be effected in one case and omitted in the other. However, from 
the mechanism concerned, one may conceive that after the formation of the 
univalent chromosomes several processes involved in the ensuing mitotic 
stages follow in unco-ordinated rapidity; while the chromosomes are arrang- 
ing on the equatorial plate, the other processes, such as the spindle formation, 
advance so far as to make the chromosomes risk the chance of conjugation 
and hasten to divide immediately into the daughter halves. If the relation 
is reversed, the chromosomes can approach each other so closely as to ensure 


conjugation. I often observed that the chromosomes became more closely 
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massed and came in contact with each other, as if fusion might take place 
among more than two, while the spindle was not yet formed. It is clear 
that the formation of the bivalent chromosome can succeed only when the 
chromosomes come to close approximation. To arrange closely or loosely is 
a slight matter, but it has a great significance in the present case upon the 
mode of the chromosome reduction. 

As to the mode of the chromosome reduction, the serial stages we have 
so far studied, leave no room for any other explanation than we have at- 
tempted. If this be true, the reduction process is so peculiar that we cannot by 
any means come to harmonize it with any of the current views on this subject. 
The most peculiar point can be seen in the behaviour of the spireme developed 
through the synapsis stage, which, instead of being shortened and thickened, 
shows a tendency to become thinner and longer, to arrange itself in an 
anastomotic condition as seen in presynapsis. The process with which this 
spireme system is transformed into a definite number of chromosomes appears 
also as unique. Broadly speaking, however, the condensation phenomena of 
the prophase concerned with the development of chromosomes may find a 
certain accordance with those in the somatic mitosis which SrraspurGER 
accepts in the recent edition of his “ Lehrbuch der Botanik” (1911). As 
far as the formation of the bivalent chromosome from the univalent is con- 
cerned, Gastrodia agrees in essential points with several Oenothera-species. 
In the pollen mother-cell of O. rubrinervis (GarTEs, °10), O. Lamarckiana 
(GrERTS, ’09 ; Davis, 11), O. biennis (Davis, °10), and O. gigas (Davis, °11) 
the postsynaptic spireme derived, following the usual fashion, is cut off, during, 


2 


before, or after the ‘‘ second contraction,” into the somatic number of chromo- 
somes. In the spindle “there appears to be no system in the grouping of the 
chromosomes, as they are brought to the equatorial plate just previous to the 
metaphase of the mitosis” (Davis, ’11, p. 949), and their generally scattered 
arrangement makes it impossible to determine whether alternate (adjacent) 
chromosomes on the spireme are always grouped in proper pairs which appear 
in the typical diakinesis. Notwithstanding this, the chromosomes grouped at 
the equatorial plate behave in the following stages so as to ensure the reduc- 


tion of the number of chromosomes entering the daughter nuclei. Thus 


Gastrodia and Oenothera ave in agreement for emphasizing the fact that in 
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the reduction process a certain significance placed upon telosynapsis and 
parasynapsis must be precluded. 

In the subsequent nuclear features the behaviour of the chromosomes 
presents a slight difference in certain points, according to whether it is 
bivalent or univalent. The bivalent chromosome is at first long (Figs. 28, 
36), but at the time the spindle figure is formed it contracts more or less, 
still being longer than the univalent chromosome (Fig. 38). As both sides 
of the bivalent chromosome are so intimately associated as to display no 
sign of a duplex nature, it is difficult to learn at what plane a split takes 
place during heterotype division. My slides only show that at the metaphase 
the bivalent chromosome increases its breadth, appearing, as it were, to split 
longitudinally. In side view it is very often found as assuming a rhomboid 
form (Figs. 39, 40). Unfortunately, a clear figure giving the mutual relation 
of the freshly split daughter chromosomes was not obtainable. The latter 
departing from the equatorial plate towards both poles are, as a rule, slightly 
curved rods (Fig. 46), being more slender than the mother. Shorter chromo- 
somes seldom occur (Fig. 45). During the subsequent nuclear generations the 
chromosome retains its typical form (see Figs. 59, 60, 74, 81, 82, 87). 

In the case where 16 univalent chromosomes form an equatorial plate» 
each chromosome assumes generally an oval form, and in separating into 
daughter halves it takes on a dumb-hbell shape throughout all nuclear genera- 
tions (Figs. 44, 62, 73). The daughter chromosomes are also oval, being far 
shorter than those derived from the bivalent chromosome (Figs. 47, 48). 
However, in succeeding mitoses they are often represented as a short rod 
(Figs. 63, 65, 66). 

The mitosis in the somatic cells has been studied on the ovular tissue. 
Broadly speaking, it follows the usual type; the reticulum is converted into 
homogeneous spireme threads which, being apparently continuous, run freely 
along the peripheral portion of the nuclear cavity (Fig. 29). They are 
segmented directly into the diploid number of the chromosomes, being first 
connected with each other by delicate linin fibres (Fig. 30). Each segment 
shortens and thickens, and is fashioned into a compact chromosome in a long 
rod form (Fig. 31). At the prophase no fission is observed at all. The 


length and breadth of the chromosome present a certain variation. A careful 
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counting gives 16 wnivalent chromosomes (Figs. 32-35). Thus, the mitosis 
in the somatic and archesporium cell begins with a different process, but in 
the latter it may bring forward the same result as in the former. 

Similar to the haploid magaspore, the diploid one is formed through the 
tetrad divisions. This is evidenced by the fact that two crescent cups, 
showing the two obliterated cells derived by the preceding two divisions, are 
present over the megaspore in which the nuclear division goes on to dis- 


tribute 16 chromosomes on each pole of the spindle (Fig. 73). 


6. SporopoytTic Parts IN RELATION TO THE GAMETOPHYTE. 


The growth of the ovary, the development of the sporophytie and 
gametophytic parts of the ovule proceed pace by pace before, as well as after 
fertilization. It is evident that they are in a most intimate relation to each 
other. The experiment, carried out with a view to analyse their mutual rela- 
tion, makes it desirable to record here the developmental phases of the 
sporophytie parts of the ovule under ordinary conditions. 

In a flower-bud which appears to open after 2 days, the ovule develops 
as a short cylindrical process, consisting of a central row of cells surrounded 
by an epidermal cell-layer. The apex of the process is slightly curved. The 
archesporium cell is already differentiated from the other cells of the central 
row, and on account of its greater size the apex of the ovule is slightly 
swollen. The nucleus enters mostly midsynapsis, but is yet in part at 


presynapsis (Table IT). 


5. An ovule a day before bloom (microtome section). x 400. 
Text-fig. 6. The same the day of bloom (microtome section). x 400. 

7. The same a day after bloom (microtome section). x 400. 

8. The same 2 days after bloom (microtome section). x400. 
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On the day preceding bloom the ovary shows a slight growth. The 
curvature of the ovule becomes more conspicuous (‘Text-fis. 5); at its concave 
side one or two small cells begin to develop, being cut off from the epidermal 
cell. Most archesporium nuclei have passed through the presynapsis stage 
and some are at midsynapsis, while in the majority the postsynapsis is at- 
tained ; this is shown by the loosening of the thread from the knot. 

On the day of bloom the ovary shows no marked further growth; the 
ovule is directed transversally (‘Text-fig. 6). The archesporium nuclens advances 


mostly to the postsynapsis stage. Only a few are at the beginning of 


9 10 11 


Text-fig. 9. An ovule 3 days after bloom (microtome section). x 400. 

Text-fig. 10. The same 4 days after bloom (microtome section). x 400. 

Text-fig. 11. The same 4 day after bloom; fertilization takes place (microtome section). x 400. 
loosening the thread from the knot, and some are developing chromosomes, 
while the spindle is rarely already formed (compare Table IT). 

Pace (07) describes in Cypripedium: “Tn flowers just opening the 
spireme of the mother eell is found, and the synapsis stage is usually reached 
by the time the flower is in full bloom.” Here the ovular development. is 
slightly slower than in (astrodia. 

Pollination has been made on the flowering day and the subsequent stage 
was observed on successive days. 

After a day the ovule is directed obliquely downwards, and just at the 
level of the basal portion of the archesporium the surface of the ovule shows 
a slight swelling at the coneaye side. The swelling is due to the appearance 
of the rudiment of the integument, being caused by the cell multiplication 


beneath the epidermis (Text-fig. 7). At this period the archesporium cells in 
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the same ovary present a wider range of the nuclear feature than before. In 
most ovaries we recognize their first or second division, leading in the latter 
case to the formation of megaspores. 

After 2 days the ovule becomes quite anatropous and the megaspore 
undergoes one or two divisions, thus producing the embryo-sac at the two- 
or four-nucleate stage (Text-fig. 8). 

After 3 days a single integument becomes somewhat conspicuous, some- 


times as a short process reaching half the way of the elongated embryo-sac. 
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Text-fig. 12. An ovule 5 days after bloom (microtome section). x 400. 

Text-fig. 13. The same 6 days after bloom (microtome section). x 400, 

Text-fig. 14. The same 7 days after bloom (microtome section). x 400. 
At this period the four nuclei of the sac occupy their final position (Text- 
fig. 9). 

Up to this period we observe, though in an exceedingly slight degree, a 
continuous enlargement of the ovary. Throughout this interval the ovary 
assumes a triangular form, with three edges diverging towards the top where 
the perigone rests. The ovule has also made the corresponding growth. 
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After 4 days the ovule enlarges more markedly (Text-fig. 10). The nucellus, 
integument, and funiculus become clearly differentiated. The nucellus consists 
of a single cell layer encasing the embryo-sac, and its lower half is surrounded 
by the integument or funiculus tissue. The development of the integument 
is still incomplete ; it consists of two layers of cells, often three layers at the 
marginal portion. 

Usually fertilization takes place on this day. The pollen-tube penetrates 
into the sac through the intercellular space surrounded usually by four 
nucellular cells (Text-fig. 11). The latter cells are turgescent, rich in plasmic 
contents, and larger than those at other portions of the nucellus, which are at 
this period somewhat compressed between the overlying tissue and _ the 
enlarging sac. 

What is worthy of mentioning in the external appearance of the ovary 
after fertilization is its rapid increase in size (see Text-fig. 15). Previous to 
fertilization it has enlarged with retention of its proper form. Now it com- 
mences to elongate much more than to thicken. ‘This sudden change in the 
developmental feature of the ovary may be taken as an effect of fertilization. 
Likewise, a sudden change occurs in the just fertilized ovule, being manifested 
by its longitudinal elongation, owing in part to a renewed marginal growth 
of the integument (compare Text-figs. 11 and 12). 

After 5 days the fertilized ege begins to divide, the two-celled stage 
being attained. At the same time remarkable developmental changes take 
place in all the sporophytie tissues of the ovule. The embryo-sac and almost 
all the ovular cells are enlarged, leading to the growth of the oyule itself 
especially towards its longitudinal direction, and meanwhile the integument 
grows up to or over the level of the nucellus (Text-fig. 12) by a rapid cell-divi- 
sion on the margin. Associated with this sudden increase of activity in the 
ovule the ovary is promoted in growth. 

Hereafter the daily growth of the ovary and ovule is exceedingly 
remarkable. In the ovule all the enlarging cells elongate more and more, 
whereupon its charazal end tends to taper. At the micropylar end the multipli- 
cation of cells in the integument, which leads its free portion to protrude far 
beyond the nucellus as a tissue composed of three cell-layers, brings about 


also a similar tapering, being enhanced by an elongation of the composing 
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cells. The mature seed thus assumes a spindle shape (compare Text-figs. 13, 
14, and 27). 

Except on the margin of the integument no cell-division seems to take 
place in the ovular tissue after fertilization, so that a conspicuous enlarge- 
ment of the seed-forming ovule is mainly due to the growth of the component 
cells themselves. During the seed formation the embryo-sac is surrounded 
from the beginning to the last by four cell-layers, including a compressed 
cell-layer of the nucellus, which often becomes quite indistinct. 

The subepidermal cells of the ovule are more enlarged than the epidermal 


ones, becoming remarkably devoid of the protoplast. As an exception, we 
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Text-fig. 15. Development of two ovaries on the same inflorescence axis. A, 


pollinated with the Gastrodzia-pollinium ; B, unpollinated. Nat. size’. 


find a cell just at the base of the sac, without undergoing any essential 
change ; it retains nearly the original form and size, containing the denser 
protoplast. The nucellular cells at the micropylar end, haying free outer 
surface, are at the same state, being turgescent and rich in granular plasmic 
contents and having the nuclei apparently at an active condition (Fig. 114). 
These characters can be maintained as long as the seed comes nearly to 
maturity. Their significance will be considered later on. 

Up to the time the seed attains a fal form and size, which it will arrive 
at, in most cases, about 12-13 days after bloom, the epidermal cells remain 
in a turgescent state, accumulating large grains of starch. Now, they come 


1, In this and the following similar figures Arabic numerals show the number of days 
after bloom. 
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to differentiate into the testa, by producing a network relief on the wall. In 
this process the outer free wall remains thin and bulges outwards due to 
strong turgor of the cell, but throughout the other portions of the wall a 
reticulate thickening takes place (Text-fig. 27). When the thickening is com- 
pleted, starch disappears entirely from the cavity, and by the loss of turgor 
the outer expanded wall shrinks and breaks ultimately. This process accords 
in essential points with that taken during the formation of the seed-coat in 
Rafflesia, studied by Ernst and Scum (713) conjointly. The completion of 
the testa takes place in 14-15 days after bloom, with which the seed can be 
said to attain maturity. At the same time the ovary attains the maximal 
size (Text-fig. 15). 

Thus, the ovular structure of Gastrodia may be considered as one of the 
simplest among the Orchidaceae ; it is especially remarkable that the develop- 
ment of a single integument is much deferred ; it is yet rudimental at the time 
of fertilization and its rapid development is induced by the act of fertilization. 

During the development of the ovary into the capsule no essential 
histological change occurs. The growth of the ovary takes place simply by 
the corresponding enlargement of the component cells, without their multi- 
plication at all. This is clearly shown by comparing the structure of the 
wall of a young ovary and that of an adult capsule. 

The dehiscence of the capsule takes place some days after it has attained 
the maximal growth. The interval is variable, depending on the vigour of 
the plant. It is usual that when the fruit approaches maturity, the in- 
florescence axis is thrown into an unhealthy condition, producing decayed 
spots attacked by mould fungi. It hastens the drying of the capsule. When 
such a condition arrives early, the capsule dehisces about 15-16 days after 
bloom. However, when the axis is healthy, the dehiscence is delayed until 


about 23 days after bloom. 


IV. Discussion of the Results. 
1. NvuvTririon or THE Empryo. 


In almost all orchids the endosperm nucleus does not multiply. Though 


in exceptional cases it divides once or twice (Cypripedium), there is no 
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formation of endosperm, as the resulting nuclei degenerate sooner or later 
On this account, the poorly developed embryo of the Orchidaceae, differing 
from that of the typical Angiosperms, must draw its nutritive substances 
directly from the sporophytic portions. As recapitulated by CouLTer and 
CHAMBERLAIN (03, p. 194), the haustorium-like development of suspensors in 
most orchids must be looked upon as having significance upon the direct 
nutrition of the embryo by the suspensors. STrasBpurRGER (Bot. Practicum, 
‘97, p. 580) describes the embryo of Orchis pallens as having a cuticular layer 
on its surface, but not on the suspensor. This points out impossibility of 
passage of nutritive supplies from the sac to the embryo. The suspensor of 
Gastrodia is of the usual structure, and agreeing with CouLTER and CHAMBER- 
LAINS’ statement, “Every suspensor is an haustorium” (p. 113), I can 
demonstrate with high probability its nutritive function, supported by the 
nature of the tissue to which the suspensor is in direct connection. 

The apical nucellular cells—generally two in longitudinal section of the 
ovule—to which the suspensor attaches, have the outer wall freely exposed. 
They take the position as a connecting link between the suspensor and the 
integument, and retain for long a turgescent state, with the conspicuous 
nuclei and dense plasm, showing in general aspect a high activity. They 
function probably as an absorbing organ of food materials from the funiculus, 
to supply these to the growing embryo. At the time of the completion of 
the embryo-sac, the innermost nucellular cells directly surrounding it become 
stretched and compressed, more pronounced at later stages, so that it 
appears impossible for them to maintain their conductive activity for food 
materials from the outside into the sac. 

As to the significance of the single basal nucellular cell (Fig. 114) at 
the charazal end, which shows quite the same character as the cells at the 
micropylar end, it may be likewise considered as conveyance for the food 
materials to the sac. As the sac does not develop the endosperm, it demands 
no active accumulation of the food materials, but as its endosperm nucleus 
and cytoplasm ought to maintain their activity until the embryo attains 
a definite size, they must require a nutritive connection with outside. The 
necessity of supply of substances will be seen from the osmotic pres- 


sure of the sap in the sac. The inner wall of the embryo-sac and the 
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surface of the multicellular embryo do not show the presence of cuticle, point- 
ing to the possibility of nutritive communication through these places. But 
from what has been considered above about the ovular tissues, I am inclined 
to think that the embryo and the embryo-sac obtain nutritive supplies indepen- 
dent of each other through the specially developed cells. 

The distribution of starch-grains in the fertilized ovule may be of some 
interest. In the ovule in which the embryo attains a few-celled stage, the 
starch-grains accumulate most pronouncedly at the charazal end. They are 
there as large as in cells of the placenta, where the starch is being drawn 
in from the store house. Towards the micropylar end a decrease in amount 
and size of starch-grains is observed. Such an un-uniform distribution of 
starch may be explained as being connected with different natures of activity 
of the cells at both ends of the ovule. At the charazal end it may be con- 
sumed for enlarging the cells, while at the micropylar end it is chiefly wasted 
in multiplying the integumental cells. In contrast with all these cells, both 
the micropylar and charazal ones of the nucellus, mentioned above, contain 
an exceedingly small amount of fine starch-erains. A similar amount of 
starch is visible in the embryo-cells, but not in the protoplast of the 


embryo-sac. 


2. JRAprmpity OF THE SEED MATURATION. 


As already described, fertilization takes place under ordinary conditions 
4 days after pollination and the two-celled proembryo appears on the next 
day. Hereafter, the development proceeds very rapidly and within 2 weeks 
from the day of bloom the seed nearly attains maturity. Such a rapid deve- 
lopment seems to be exceptional in the Orchidaceae. For, of numerous 
species hitherto investigated, most tropical ones are fertilized, according to 
GUIGNARD (86) and Hmprpranp (see GUIGNRAD’s paper), in 1-6 months after 
pollination, while the endemic (European) species effect fertilization in 2-6 
weeks’. Listera ovata (GUIGNARD, p. 224) and Neottia nidus-avis (GUIGNARD, 
p- 224) are said to produce a rudimental embryo after 10 days of pollination, 


showing the most rapid development hitherto known. 


1, Covnrer and CHAMBERLAIN (p. 147) quote HormetsTer’s work in which the maturation 
period is given as from 10 days to several months among the orchids. 
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From an ecological point of view Prirzer (’89, p. 73) remarks as to the 
period of the fruit maturation, that in the tropics the orchids, which flower 
and are pollinated in the raimy period, mature the seed so as to disseminate 
it in the next rainy period, spending the interposed dry season for its 
maturating period. I would like to consider Gastrodia’s so rapid seed 
formation as bearing upon an unique mode of nutrition. In this orchid the 
reserve material in the flowering tuber is utilized in greater part for the 
formation of, » long inflorescence axis, which often attains more than one 
metre in length and bears numerous flowers, exceeding sometimes 60 in 
number in a larger tuber. During the vegetative period the reserve material 
must also be wasted in part for respiration, the loss being greater the longer 
the period. The rapid development of the seed may be a contrivance for econo- 
mizing the material. At the time when the fruit comes nearly to maturity, 
the tuber, which until then has been solid, being packed with starch, becomes 
hollow and somewhat translucent, showing exhaustion. Unlike other orchids 
the flowering individual of Gastrodia is unable to take up any additional 
nutritive material from the surrounding medium, so that it may be admitted 
on theoretical grounds that the length of the maturation period is com- 


mensurate to the limited amount of food materi:ls stored up in the tuber. 


3. SIGNIFICANCE OF THE REDUCED Empryo-Sac. 


Since CHopat and Brernarp (’00) first deseribed in Helosis (Balanophoraceae) 
the 4-nucleate embryo-sac, such an atypical structure of the sac has become 
known among various families, thus in Limnocharis (Butomaceae) (Hatt, 
02), Cypripedium (Orchidaceae) (Pacr, ’07), several Onagraceas (MopILEwskt, 
09 ; Grrrts ’09 ; Werner, ’14), the Podostemaceae (WENT, ’09; Maanus, 713), 
Clintonia (Campanulaceae) (SurrH, *11), and Garcinia (Rubiaceae) (TREvR, 
*11). The morphological nature of the sac is not everywhere alike in these 
instances. In the Onagraceae, Lelosis, Clintonia, and Garcinia the sae is 
derived from one megaspore, while in Limnocharis (?), Cypripedium, and the 
Podostemaceae two megaspores take part in forming the sac. Smanp (’12) 
reported in Bletia, which possesses normally the 8-nucleate sac, an abnormal 
one with 4 or 6 nuclei, being derived from one or four megaspores. The 


same thing has recently become known in Gyrostachys (Pack, 14). In either 
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case the presence of 4 nuclei in a complete embryo-sac points to the fact, 
that the number of divisions which intervene between the mother-cell and 
the complete sac are reduced. The frequency of division of the megaspores 
may vary according to: the number entering the sac; only one division is 
sufficient when two megaspores occur, while two divisions are required when 
one megaspore occurs. Somewhat different is the nuclear division in Helosis, 
Limnocharis, and some of the Podostemaceae (Zawia and Lacideae); at the 
two-nucleate stage of the sac the lower antipodal nucleus degenerates and the 
upper micropylar one is concerned with the formation of the sac, by under- 
going two divisions. 

Thus the reduced form of the embryo-sac presents diverse types from the 
morphological point of view, and as to their significance it appears impos- 
sible to present a general view. 

As already announced by several authors, Angiosperms which possess 
typically the 8-nucleate gametophyte are derived from an ancestor possessing 
a larger number of gametophytic cells. From this point of view it may be 
theoretically assuined that the gametophyte so much reduced as in the plants 
mentioned above would indicate an advanced form at the progressive line of 
evolution in Angiosperms (see Maanus, 713, p. 331). 

With this statement we must not be too hasty to conceive the phy- 
logenetic position of plants possessing such a reduced embryo-sac, for there 
femains a point to be considered, which concerns the correlation between the 
vegetative and generative spheres. This may be better shown by the 
Podostemaceae, where the reduced embryo-sac is universal and the vegetative 
sphere exhibits a uniformity. This family possesses a highly reduced vegeta- 
tive organ which, however, is well adapted to vegetation in a shallow stream 
(Witus, 02). According to Went (’08) and W. Maaenus (’13), under the 
extreme heat of the tropical sun, the plant body becomes suddenly exposed 
to a great drought; then the flower opens and finishes fertilization to mature 
the seed with great rapidity, but under a too limited nutrition. The direct 
nutritive connection of the embryo with the funiculus, not with the endosperm 
as in most Angiosperms, is related in some way to the reduction of the 
antipodal apparatus (including the lower pole nucleus). Maanus looks upon 


the reduced gametophyte and vegetative organ as showing a certain pro- 
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gression in the evolution of Angiosperms, stating that the Podostemaceae are, 
not retrograde, but progressed forms, “ die unter extremen Lebensbedingungen 
neben weitgehenden Anpassungen der vegetativen Sphire einen Anstoss zur 
Fortentwicklung der generativen Sphire erfahren haben, die weit tiber das 
normale Mass der Angiospermen hinausgeht” (p. 331). 

On account of the highly specialised characters of the vegetative and 
reproductive organs the Orchidaceae may be regarded as a phylogenetically 
advanced plant group. This view is strengthened by a reduction of the 
gametophyte throughout the family. The reduction is manifested by the 
suppression of the endosperm formation, leading the embryo to depend for 
its nutrition on the sporophytic tissue. In such a specialised gametophyte 
the antipodal cells and the pole nuclei, though they oceur in fact in most 
orchids, may be superfluous structures. It is, therefore, not strange that such 
a physiological adaptation in the gametophyte may bring forth a morpholo- 
gical adaptation, that is, the development of the 4-nucleats embryo-sac as a 
more progressed form than the typical S-nucleate one. For the explanation 
of the occurrence of such a reduced embryo-sac in Gastrodia I must empha- 
size the fact, that this orchid shows a striking ecological resemblance with 
the Podostemaceae ; for the reproductive organ develops at the expense of the 
food stored in the tuber alone, and, as already discussed, the need of econo- 
mizing it is pressing. A great rapidity in the development of the flower 
shoot, the gametophyte, and the fruit, in addition to extreme simplicity in 
the embryo and seed, which is universal in the Orchidaceae, may be con- 
sidered an important character in the generative sphere, acquired in correla- 
tion with such a nutritive condition. Txtending this view further, a reduc- 
tion in the embryo-sac is a more requisite adaptation, since the suppression 
of the unserviceable antipodal apparatus can simplify the process and hasten 
the progress of the gametophytic development. Thus in agreement with 
Maenvs’ statement on the Podostemaceae, we can scarcely be wrong in con- 
cluding, that the 4-nucleate embryo-sac of Gastrodia represents a form of the 
gametophyte of the Orchidaceae more specialised than the type, being induced 
in correlation, to a certain extent, with the highly characteristic vegetative 


sphere. 
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4. CHromMOSOME BEHAVIOUR AS TO THE EVOLUTION OF PARTHENOGENESIS. 


The behaviour of chromosomes associated with the reduction division is 
very peculiar in Gastrodia. Although this plant is habitually amphimictic and 
any experimental means fails to induce the parthenogenetic development of 
seed, the cytological evidences seem to justify us to assume the probability 
of parthenogenesis. The chief interest in this connection lies in the point 
that parthenogenesis is developed from amphimixis, with certain modifications 
of cytological processes by which the egg-cell is produced. 

As far as reported, the first mitosis in the embryo-sac mother-cell of 
parthenogenetic plants begins with the usual heterotypic process, until synapsis 
is attained. As, however, univalent chromosomes are derived, we must search 
for the first impetus to the parthenogenetic development among stages com- 
prised in postsynapsis. 

In reduction division the mode of the formation of a bivalent chromo- 
some was diligently studied and widely discussed by many competent cytolo- 
gists. In parthenogenesis the process with which a univalent chromosome is 
formed, instead of a bivalent, offers a subject of study in close association 
with this mode of division. But as to how the univalent chromosome is 
organized in the postsynapsis stage, and what difference we can recognize in 
the behaviour of the postsynaptic spireme in deriving the univalent chromo- 
some in parthenogenetic plants and the bivalent one in amphimictic plants, 
both comprised in one and the same genus, we have not yet a detailed 
account in harmony with our present knowledge of reduction division. 

In his study on the parthenogenetic Antennaria alpina, JuEL (00) has 
first called attention to the first mitosis in the embryo-sac mother-cell in this 
respect. He found the synapsis stage, but the spireme derived presented the 
form and distribution which characterized the resting stage of the nucleus. 
While in the amphimictie A. dioica synapsis was followed by the typical 
diakinesis, the postsynaptic spiveme in A. alpina was segmented, following the 
manner as observed in the somatic cell. Seriation of stages involyed in 
synapsis and postsynapsis is not sufficiently complete to make a precise 
cytological distinction between both species of Antennaria. A comparative 


study on the postsynapsis stage has recently been made by Osawa (715) on 
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the amphimictic and parthenogenetie Taraxacum-species. According to him, 
while synapsis unravels the parallel spiremes in the amphimictie 7. platy- 
carpum, ouly a single thread arises in the parthenogenetic T. allidum. In 
the latter species the transverse segmentation of the thickened and condensed 
spireme thread gives rise to the full number of univalent chromosomes. In 
the parthenogenetic T. officinale Juri (04, ’05) has already ascertained the 
same thing. 

According to the current views on the chromosome reduction, both the 
parasynapsis (side-by-side pairing) and telosynapsis (end-to-end pairing) 
methods are equally accepted in deriving a bivalent chromosome. From this 
fact it seems reasonable to infer that in Taraxacum the amphimictie species 
derives a bivalent chromosome by a side-by-side pairing of univalent chromo- 
somes, while the parthenogenetic species forms a univalent chromosome by a 
slight modification of the telosynapsis process, the modification being involved 
in the segmentation of the spireme into the full set of the somatic number, 
instead of the paired set which is to be secured, as some authors insist, by 
the “second contraction.” Thus we may conceive a fundamental difference 
among Taraxacum-species as regards the orientation of chromosomes in the 
embryo-sac mother-cell. 

On coming upon those parthenogenetic plants which develop both diploid 
and haploid eggs, the behaviour of chromosomes offers a more complicated 
subject for consideration. Thalictrum purpurascens (OVERTON, ‘02, ’O4), 
Meracium excellens (ROSENBERG, ’07), Houttuynia cordata (SH1BaTa and M1ya- 
KE, ’08), and perhaps Burmannia coelestis (ERNST and BerNarD, 712) afford 
the examples, but no precise account regarding the process of the simultaneous 
development of both bivalent and univalent chromosomes from the synaptic 
spireme has hitherto been given. That in one and the same ovary some 
embryo-sac mother-cells develop the parallel spiremes and others a single 
univalent spireme in the postsynapsis stage might perhaps be possible, but 
it appears to me rather inconceivable on account of the fundamental difference 
in the arrangement of the spireme. If we agree with RosEnBERG’s (’07) 
statement that the parallel spiremes occur in Hieractum in the postsynapsis 
stage of both pollen and embryo-sac mother-cells, then we are at a loss to 


understand how the omission of reduction division is effected in some mother- 
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cells. It may be remarked that Brrr (12) advocates telosynapsis in his 
study on the pollen development in several species of the Compositae; this 
elucidates the explanation upon the point under discussion. 

The events in the postsynapsis stage in the parthenogenetic plants are 
interesting from several points of view. If the occurrence of the parallel 
spiremes (paternal and maternal) be universal, the parthenogenetic mitosis 
would be differentiated first at or after the diakinesis stage. If both parallel 
and single spiremes oceur in one and the same plant, we may place the 
starting point for the parthenogenetic mitosis upon the synapsis or a previous 
stage. Thus the acceptance of the parasynaptic origin of chromosomes brings 
the matter in confusion. But, on the basis of the mechanism of telosynapsis, 
the process of the parthenogenetic mitosis may be explained more simply and 
clearly. The upholder of telosynapsis regards the postsynaptic parallel 
Spiremes as caused by fission of a univalent spireme, instead of being the 
pairing of two spiremes, as parasynaptists maintain (see Diaby, ’10). MrvEs 
(08) has already expressed the opinion that the parallelism in parthenogenetic 
eges is inexplicable, if it actually represents the pairing of homologous parental 
chromosomes. According to telosynapsis, only a slight change in the 
behaviour of the postsynaptic spireme, that is, the omission of the 
“second contraction’ (Diaby, ’10), may turn reduction division to somatic 
mitosis. 

Turning upon Gastrodia, a peculiar type of reduction division may be 
looked upon as adapted for ensuring the partial parthenogenetic development. 
Strictly speaking, the achievement of postsynapsis is not in accord with either 
parasynapsis or telosynapsis. The postsynaptic spireme is segmented in all 
cases, at the omission of the typical diakinesis stage, into the full number 
of somatic chromosomes. The criterion, in what way the heterotype mitosis 
is secured, lies at the stage of the formation of an equatorial plate. The 
formation of the bivalent chromosome is in this case deferred too far, and a 
slight change of internal or external conditions is liable to render it unsuccessful. 
As a whole, the behaviour of the chromosomes is here rather favourable for 
somatic mitosis, so that we possibly can regard such a type of the hetero- 
type mitosis as occupying the lowest rank in the line of the cytological 


evolution of parthenogenesis. If we admit that parthenogenesis is developed 
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from amphimixis, such a mode of reduction division would perhaps have a 
phylogenetic connection with telosynapsis. 

Although in Gastrodia parthenogenesis is warranted by the nuclear 
mechanism, other conditions do not harmonize to realise it, so that the forma- 
tion of the embryo is secured only by the amphimictic development of the 
haploid egg. In this respect Gastrodia may be considered as representing 
an intermediate form between amphimictic and habitually parthenogenetic 
plants. In Mieracium excellens, Houttuynia cordata, Burmannia coclestis, ete. 
a greater or lesser number of haploid eggs are produced, but parthenogenesis 
advances so far as to produce diploid eggs in great majority, and as to hinder 
fertilization by producing sterile pollen-grains.  Thalictrum purpurascens, 
producing fertile pollen-grains, is, however, capable of both amphimictic and 
parthenogenetic development in nearly equal degree. As a remarkable fact, 
fieracium excellens, though its pollen-grains are sterile, can assume an 
amphimictic development by crossing with other species. From these facts 
we can conceive several stages in the parthenogenetic evolution, and can 
consider Gastrodia, Thalictrum, and Hieracium as representing a progressive 
series in the evolutional line. 

Further, a peculiar mode of reduction division in several Oecnothera- 
species deserves consideration in relation to parthenogenetic evolution. As 
already mentioned, the mechanism of the chromosome reduction is here too 
unstable, just as in Gastrodia. The mode of the chromosome formation 
resembles rather that in the parthenogenetic Taraxacum studied by Osawa 
(13). It is interesting that Taraxacum performs habitually the somatic 
mitosis, while Oenothera is disposed to undergo the heterotype mitosis. How- 
ever, if we keep in mind that the heterotype mitosis may occur occasionally 
in Taraxacum, as Osawa remarks, we may conceive in Oenothera a similar 
state in reciprocal relation, that is, an occasional omission of the reduction 
division. In harmony with this view Gates (’07, 09) supposes on theoreti- 
cal grounds that Oecnothera lata, one of the mutants of Lamarckiana, is partly 
parthenogenetic. This supposition of Garrs and a scattered arrangement of 
univalent chromosomes previous to the metaphase stage of the heterotype 
mitosis agree so well as to suggest, that a further investigation will prove 


parthenogenesis in some Oenolhera-species to be a fact. Relating to this 
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matter, the occurrence of sterile ovules in several Oenotheras (GrErRTs, ’09) 
gives a further suggestion. In Gastrodia the sterility of some ovules actually 
occurs, being induced beyond all doubt in connection with the instability of 
reduction division, which brings about the development of the diploid ege. 
Although GEErts’ careful study on the tetrad divisions of the embryo-sac mother- 
cell leaves no doubt of heterotype mitosis ensuing upon both sterile and fertile 
ovules, the similarity of its reduction process with that of Gastrodia leads us 
to conjecture that the sterility may possibly be caused in part by the omis- 
sion of the chromosome reduction. With this assumption O6cnothera and 
Gastrodia are brought to an exact agreement in respect to the mode of redue- 
tion division, to the partial sterility of ovules, and to the four-nucleate nature 
of the embryo-sac. So that Oenothera, like Gastrodia, may be assumed as 
forming, in cytological features, a link in the evolutionary line of parthe- 


nogenesis. 


The cytological facts we know at present regarding parthenogenesis are 
yet insufficient to formulate any hypothesis on the behaviour of chromosomes 
in the embryo-sac mother-cell. But from what has been considered, it is not 
quite inconceivable that there may exist intermediate forms in the evolution 
of parthenogenesis from amphimixis, which can be characterized by the 
behaviour of chromosomes. Further, I emphasize that the study on mitosis 
in the embryo-sac mother-cell in partially parthenogenetic plants, whatever 
results it might bring forth, would claim a participation in discussing the 
plan of the formation of chromosomes in heterotype mitosis, inasmuch as a 
diligent study of somatic mitosis will elucidate, whether the parallelism of the 
heterotypic and somatic prophases is homologous or not (see a critical review 


of Lunprcarpa, *12). 


V. Unpollinated Flowers under Different Conditions. 


As may be seen from the foregoing description, the ovule is yet rudi- 
mental at the flowering stage. Being pollinated at that period, it can develop 
further in association with the elongation of the pollen-tube. Such an 


unusual delay of the ovular development is a wide-spread character in the 


50 S. KUSANO: 


Orchidaceae, and it has been almost generally accepted that pollination 
initiates the completion of the embryo-sac. With a view to ascertain whether 
the same thing is true for Gastrodia, unpollinated flowers were subjected to 
normal and several other conditions, and their subsequent phases of develop- 
ment were followed on successive days, when necessary, on microtome 


sections. 


1. THe FLowrr oN THE INFLORESCENCE AXIS BEARING 
FERTILIZED FLOWERS. 


When many flowers in an inflorescence are fertilized and go to develop 
the fruit, the food material, contained in the entire stock, would be consum- 
ed, in greater part, by them. We presume that this condition may have a 
certain influence upon the nutrition and the postfloral development of the 


unpollinated flowers in the same inflorescence. 


Experiment 1. 

Several stocks were employed. The nutritive condition might be more or 
less variable among them. The relative number of the unpollinated to the 
pollinated flowers were not strictly equal in all the inflorescences, though 
the majority of flowers in each inflorescence was subjected to fruit formation 
by pollination. As the unpollinated flowers examined on successive days 
originated from different inflorescences, no warrant could bs made as to the 
fact that the flowers examined had all been strictly at the same progress in 
their development. 

1. In 1910 the material was studied in microtome sections. 

After 2-3 days of bloom, no distinction could be seen between the 
pollinated and unpollinated flowers as regards the ovarial and ovular develop- 
ment. 

After 4 days the pollinated flowers had been fertilized, but the embryo- 
sac of the unpollinated flowers was mostly at the tetranucleate stage and the 
ege-apparatus was not yet organized. 

After 5 days the arrangement of the egg-apparatus. was completed in 
some ovules, but often the pole nucleus showed obliteration, alone or together 
with the synergids, leaving the egg-cell alive and healthy. In many 
sacs, again, the plasm was massed at the upper portion, in which two nuclei 
were embedded, whereas the other two nuclei lay almost freely at the lower, 
charazal portion, sometimes being much smaller than the upper ones and 
sometimes being in degeneration (Fig. 85). 

After 6-7 days the embryo-sac in almost all ovules showed shrinkage 
attended by the disorganization of the egg-apparatus. The ovular tissue 
attained in development a stage similar to the fertilization stage in the 
pollinated flower. 

An early disorganization of the embryo-sac, or an unequal distribution 
of the plasm in the sac, could also be observed in the pollinated flower, but 
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it was far more striking in the present case. Perhaps it might be ascribed 
in part to an unfavourable nutritive condition of the stocks used. 

2. In 1913, stocks apparently more vigorous than those used for the 
preceding experiment were selected. 

After 4 days the perigone remained fresh; the ovary was slightly en- 
larged ; and the ege-apparatus was completed in most ovules. 

After 6 days the perigone wilted ; in general form the ovule was similar 
to that of the pollinated flower at the 4-days stage. The embryo-sac with the 
vacuolate egg was healthy and the pole nucleus became larger, presenting a 
prominent reticulum. In some sacs the egs-apparatus did not come to final 
development, in others it was beginning to degenerate. 

After 8 days the ovary showed a slight growth (Text-fig. 16); in almost 
all ovules the nucellus appeared more or less 
projected out; and the embryo-sac assumed 3 6 12 19 28 


a somewhat shrunken form, containing the \ a 

intact ege-apparatus. In very few ovules € s) \ i 
the integument extended up to the level of : 
the nucellus, and their size was increased, x MJ ] 


especially in breadth. 
After 9 days the stigma was yet mucous ; 
the ovule had the exposed nucellus and re- _3 8 2 Bees 


mained in size just as on the preceding \ iC 
day; the synergids were beginning to de- ( k B 
generate, while the ege-cell remained intact, 
becoming larger and swollen. 
\ 
x 


After 10-11 days the stigma yet retain- 
ed a mucous consistence; the ovary grew 
further a little and on some stocks it acquired ore an 
; me ie a age Ge. os : Text-fig. 16. A, an unpollinated 
an erect position ; the nucelus WaS €X-  fiower; B, a flower pollinated after 
posed in many ovules which were im size 8 days of bloom (both from the same 
and form as at the fertilization stage; in  ‘imforescence). Nat. size. 
most ovules the ege-apparatus degenerated, while in a few it was quite healthy ; 
the latter ovules showed a gigantic growth.1 

We recognized already after 8 days certain ovules attaining a marked 
growth, becoming more prominent after 10-11 days, mainly due to the 
enlargement of the composing cells and to the csll multiplication at the 
marginal portion of the integument. At this stage the growing ovules ex- 
hibited a wide range in size. 

After 14 days the erect ovary became a little more enlarged, and the 
surviving ovules became more or less pulverous. The smaller ovule remained 
in size as at the fertilization stage, and the larger one became 3 times as 
large as that. The latter took on an oblong form, with the swollen epidermis 
containing large grains of starch. 

After 23-24 days the ovary advanced in growth and developed into the 
fruit. In dissecting it, the pulverous embryoless seeds, arisen from the 
surviving ovules, easily detached from the placenta as observed in the normal, 


1. “Gigantic growth” means a vigorous growth of the unpollinated ovule, just as the 
fertilized one. 
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fruit. The seed showed no essential difference in appearance from the normal, 
except in having rounded ends. At this stage the development of the testa 
was nearly completed. 

The number of the seed derived from a single ovary was somewhat 
variable; in any case it was far less than that obtained from the fertilized 
flower. Again the mature seed presented a great variation in size. At the 
period of the seed maturation the fruit-wall ruptured along six longitudinal 
lines in quite the same manner as in the normal capsule. The period of 
dehiscence yaried according to the healthy and unhealthy condition of the 
inflorescence axis; at the earliest, it took place after 23 days on the axis, 
giving symptoms of diseased condition ; on a healthy axis it took place after 
29 days of bloom. Drying ensued soon upon the dehisced capsule. 


Results :—The oyule, though rudimental at the time of bloom, continues, 
in case of the prevention of pollination, its further development parallel with 
that in the pollinated flower, and it can develop a perfect embryo-sac. Until 
completion of the embryo-sac the ovary and oyule present the same phase of 
development in both the pollinated and unpollinated flowers, but in subsequent 
stages there is no noticeable progress of development in the unpollinated 
flower. Most ovules disappear and only a few survive to develop into embryo- 
less seeds, accompanied by a slight growth of the ovary. ‘The period, at which 
the fate of ovules in this respect becomes apparent, is after 8-9 days of 
bloom. Although the full-grown ovary is much smaller than the normal one, 
yet it is provided with the fruit character (see Text-fig. 15). 

In all the stocks used in the present experiment the unpollinated flowers 
do not drop off and invariably develop fruit and seed. However, certain 
individual variations may be observed in the number of ovules partaking in 
the seed formation and. in the size of the fruit. On some stocks all the 
unpollinated flowers produce more numerous seeds than those on other stocks, 
in spite of similar conditions under which the flowers are developing. 
Further, it may be probable that the number of seeds correlates with the 
nutritive condition, under which the unpollinated flower is developing, and 
which may probably vary according to the number of the accompanying 
normal fruit produced by pollination. The experiment made in 1910 furnished 
an example of such a case. When most flowers were pollinated, the ovaries of 
a few unpollinated ones in the same inflorescence suffered great hindrance in 
growth and were almost incapable of developing the embryoless seed. 

The capsule arising from the unpollinated flower dehisces later than the 


normal one. 
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2. THE ABSCISED FLOWER OR FLOWER-Bup. 


Having learned in the preceding experiment the normal development. of 
the ovule in intact unpollinated flowers, I now proceed to describe how the 
ovule of the flower removed from the inflorescence axis hehayes in its deve- 


lopment. 


Experiment 2. 

Closed or opened flowers were cut off through their stalk from the in- 
florescence axis. When kept from drying in Prrri’s dish, they could remain 
alive for a week or more, enabling us to make daily observations on their 
subsequent development. 

1. Flower-buds abscised two days before bloom, while the ovule was at 
the archesporium stage :—After 4 days the perigone remained closed but 
appeared fresh. The embryo- sac attained to the two-nucleate stage, with the 
plasm assembled at the upper portion. 

2. Flower-buds abscised a day before bloom, while the ovule was at the 
archesporium stage :—After a few days they were quite fresh and healthy. 
The perigone opened, but not so widely as on the intact flower. The ovary 
grew a little. Having already passed through the megaspore stage, nearly 
all ovules developed 2- or 4-nucleate embryo-saes, generally having the plasm 
massed at the upper portion. When observed after 15 days, the flowers 
were yet fresh ; however, the embryo-sacs had all degenerated. Judging from 
the disappearance of starch-grains from almost all cells of the ovary and 
ovules, the flowers were already at this period in a starvation condition. 

From these observations it is clear that the ovular development goes on 
unarrested in abscised flower-buds. Compared with the intact buds, however, 
its progress appears somewhat slower. An earlier consumption of the nutri- 
tive materials would not perhaps enable the embryo-sac to survive for a long 
time and would render the development of any ovule into seed very difficult. 

3. The ovary of opened flowers dissected longitudinally and kept with the 
placenta, being exposed in a moist chamber :—In this case it was impossible 
to keep the ovary fresh and alive for a lone time. However, so lone as it 
remained fresh, the ovule proceeded ne wmally in its development and passed 
after 2 days from the archesporium stage to that of the two-nucleate embryo- 
sac, or from the megaspore stage to that of the four-nucleate em] yryo-sac, the 
stage previous to the formation of the ege-apparatus. When the ovary was 
dissected while the sac was at the two-nucleate stage, the completion of the 
embryo-sac took place after 2 days. 

During the formation of the embryo-sae an excentric assemblage of the 
plasm often took place in the sae at its two-nucleate stage, sometimes hinder- 
ing the activity of the lower nucleus. This may perhaps be assigned to an 
unfavourable nutritive condition, as already remarked. 

4. Flowers abscised the day of bloom :—After 3 days the ovary became 
a little larger than on the erne day. 

After 4 days the ovules completed the ege-apparatus. 

After 6 days the sac in most ovules was obliterated and shrank, being 
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filled with a pale yellowish homogeneous mass. Starch diminished considerably 
from the ovular tissue. 

After 9 days the ovary increased 1.5 or 2 times in diameter as at the 
staze of bloom, but its cavity appeared disproportionally more hollow and 
spaceous. Most ovules contained shrunken sacs and did not grow further. 
Very rarely, gigantic ovules were found, which were characterized by haying 
swollen cells. 

After 13 days the surviving ovules were exceedingly rare, amounting 
only from 20 to 30 in each ovary. They acquired a seed-form. Starch was 
yet found in the ovules and placenta. 

After 15 days the surviving ovules developed into adult seeds with 
rounded ends, ‘The wall of the testa-cells was about to thicken. A few 
starch-grains were found in the testa-cells. As the ovaries were attacked by 
mould fungi and begun to decay at this period, a further stage could not be 
observed. 


Results :—The ovary of the abscised flower or flower-bud may attain the 
size which is reached by the normally developing ovary at its fertilization 
stage. The ovules are also able to develop subsequently and to complete the 
embryo-sac. When the flower is abscised on the day of bloom, some ovules, 


though exceedingly few, continue their development to embryoless seeds. 


3. THe FLOWER ON THE UNPOLLINATED STOCK. 


The inflorescence of large tubers bears usually more than 50-60 flowers. 
From an ecological point of view it should be certain, that the quantity of 
the reserve mateiial stored up in the tuber corresponds with the number of 
fruit to be produced. Now, removing a large number of flowers from the 
inflorescence, there would occur a surplus of food for the few remaining ones. 
Whit influence this condition of nutrition has upon the flowers allowed to 


develop further vnpollinated, will be seen in the following experiment. 


Experiment 3. 

Two vigorous stocks were selected for this experiment. The upper por- 
tion of the inflorescence axis was cut away, leaving behind only 10-12 flowers, 
all at nearly the same age. The latter were then left unpollinated, and one 
or two of them were taken at required periods for the examination of their 
development phases. 


Stock 1 (Text-fig. 17). 
After 4 days the perigone was fresh, and the development of the ovary 
and ovule was similar to that in Experiment 1. F 
After 5 days the perigone wilted and in the majority of ovules the ege- 
apparatus was completed ready for fertilization. 
After 7 days the ovary somewhat thickened, but showed no correspond- 
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ing growth in length as could be seen in the fertilized ovary at the same 
age. The general structure of the ovule corresponded to that at the 5-days 
stage of the fertilized ov ary, but the exposed portion of the nucellus appeared 
more projected, and, as a whole, the ovule increased in size, especially in 
leneth, due to the corresponding enlargement of the component cells. In 
some ovules the integument grew up to the level of the apex of the nu- 
cellus. 

The ege-apparatus was almost all healthy and often the ege-cell was 
hypertrophied, with an increase of the dense plasm, sometimes so much that 
it compressed the pole nucleus against the basal wall of the sae. 

After 8 days no notable change was visible. 

After 12 days the ovary grew very slightly, but not in length. The 
ovules mostly remained intact, becoming slightly larger than before, while a 
few of them were obliterated. ‘Among the intact ov Allee. some showed a gigantic 
growth accompanied by the growth “of the integument, and attained in length 
on ice the breadth. The comporient cells made also a corresponding enlameo- 
ment. Many embryo-sacs shrank and were filled up with a homogeneous, 
deeply staining mass of 


disorganized protoplast. g 2 5 - | 
The ovules with the obli- S / a ai 
terated embryo-sac pre- y S 


sented a great variation 

in size. ‘There were also 

found small ovules pos- 

sessing the ege-apparatus 

in healthy condition. The 

structure of the embryo- ‘ : Ca ee 
sac in the gigantic ovule Text-fig. 17, A flower from an unpollinated stock. Nat. siz>. 
was quite normal. 

After 16 days the ovary appeared more swollen. Gigantic ovules became 
spindle-shaped and somewhat pulverous. The turgescent epidermal cells con- 
tained large grains of starch. The surviving ‘ovules were much fewer in 
number than the obliterated ones. 

After 27 days the ovary remained juicy. The gigantic ovule developed 
into the embryoless seed with normal testa. 

After 32 days the capsule begun to dehisce. At this period blackened 
dead spots appeared on the inflorescence axis. 


Stock 2. 


After 5 days the perigone remained fresh and open, and the oyule ex- 
hibited an ordinary course of development, already completing the egg- 
apparatus. 

After 7 days the general feature as in Stock 1 

After 11 days the general feature corresponded to that observed after 12 
days in Stock 1. 

After 14 days the ovarial development was similar to that of Stock 1. 
Gigantic ovules of various sizes were spindle-formed or oblong. The swollen 
epidermal cells contained starch-grains, and their walls) did not yet 
thicken. 


After 24 days the ovary thickened considerably, giving a rounded outline 
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in cross-section. The embryoless seeds were dried up, being easily dispersed 
on dissecting the ovary. 

After 27 days the ovary showed no subsequent growth and remained 
juicy. 

After 32 days the ovary developed into a capsule, still juicy and not 
attained to the dehiscing stage. The inflorescence axis was quite fresh and 
healthy. As the axis was cut off on this day, the period of dehiscence of the 
capsule was not ascertained; probably it would have arrived after 33 or 34 
days, if the axis had remained intact. 

In the next year the experiment was repeated, yielding similar results. 


Results :—The ovary on the unpollinated stock shows a more marked 
evowth than that of the unpollinated flower on the pollinated stock. Its growth 
endures for a longer period, and the fruit retains the fresh and juicy state 
for a longer period than that produced, under ordinary conditions, by fertili- 
zation. While the ovary of the pollinated flower increases more in length 
than in breadth soon after fertilization, in the present case the increase in 
both directions proceeds in the same proportion, so that the resulting fruit 
appears shorter. It assumes, differing from the normally produced one, a 
round shape in transverse section, and it possesses a thick wall and placenta. 

During the maturation of the fruit the utilized amount of reserve material 
in the tuber is, as may be expected, very little. It is shown by a narrower 
hollow space appearing in the tuber, which should be very wide in the 
ordinary case, and also by the compact peripheral tissue still packed with a 
large amount of residual starch-grains. ‘Therefore, there may occur in the 
unpollinated flowers a surplus supply of nutritive materials for the fruit 
formation. 

The number of embryoless seeds contained in a fruit on the unpollinated 
stock is not invariably larger than in the corresponding fruit on the pollinated 
stock. Here the oyarial growth does not regularly correspond with the num- 


ber of seed-forming ovules. 


4. THe FLOWER ON THE ABSCISED INFLORESCENCE AXIS. 


In the preceding experiment it has been shown that the postfloral deve- 
lopment in the unpollinated flowers is closely correlated to the nutritive con- 
dition. It suggests further experiments on this point. I take now a portion 
of the inflorescence axis in which the nutritive connection with the tuber has 


been interrupted. Putting the eut end in water, it can remain fresh and 
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healthy for a comparatively long period, enabling the flowers to develop the 


fruits. 


Experiment 4. 

1. On inflorescence axes 6-10 em long, bearing 10-15 flowers opened a 
day or two after insertion in water, all flowers were left unpollinated. 

At an early period the developmental changes of the flower went on 
similarly to that on the intact inflorescence axis. After 12-13 days the ovary 
showed an appearance as at the 3 days stage of the normal pollinated flower. 
While most ovules shrank, a few surviving ones attained a considerable size 
and assumed an oval form. The component cells showed a remarkable 
enlargement, especially in a longitudinal direction, yet containing only a small 
amount of starch. 

2. On a similar piecs of the inflorescence axis some flowers were pol- 
linated. After 12 days, while the ovary of the pollinated flower grew as 
large as that at the 5-6 days stage in the normal case of pollination, it 
remained in the unpollinated one so small as to correspond in size at most 
to the 2-3 days stage of the ovary developing on the intact inflorescences. 
The flowers dropped off easily. The ovyarial development seemed to be some- 
what less vigorous than in the preceding case, being perhaps interfered with 
by the vigorously growing ovaries of the pollinated flowers. 

3. An entire small inflorescence, consisting of about 30 flowers or flower- 
buds, was placed in the thermostat at 30°C. for 3 days, whereupon the 
ovaries of older flowers became very slender. The inflorescence was then 
brought into a laboratory room. After 8 days from the beginning the ovules 
were yet small and their development was deferred considerably, presenting 
the megaspore stage, and starch entirely disappeared from their tissue. After 
16 days the ovary, remaining small and thin-walled, contained very few gigantic 
ovules in its comparatively spaceous cavity. On this day the ovarial wall began 
to dehisce. The starvation of the ovary seemed to have been enhanced by 
keeping the inflorescence for some time in a high temperature. 

The above experiment shows that the nutritive condition of the unpol- 
linated flower is rendered remarkably unfavourable, and starvation follows at 
an early period. In the second case of the experiment lack of nutrition 
interfered with the growth of the fertilized ovaries, and in the third case a 
rapid consumption of the food materials for respiration under a high tempera- 
ture and for nourishing a greater number of flowers. Under such conditions, 
however, a few ovules can survive for producing seed, at the expenses of food 
materials which would otherwise have been utilized by other oyules and in 
part by the ovarial wall and placenta. At any rate, the ovary can be said 
to develop into a capsule of normal structure, notwithstanding its smaller size 
and slenderness. 


Summarizing the results of several experiments on the unpollinated 
flowers, we may come to the following conclusions : 

1. The completion of the embryo-sac takes place in the unpollinated 
flower. Under favourable conditions the development of the embryo-sac pro- 


ceeds quite similarly to that of the pollinated flower. Under unfavourable con- 
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ditions of nutrition there is a tendency of assemblage of the plasm, at the two- 
nucleate stage, on its upper portion, rendering the complete organization of 
the sac highly difficult. 

2. Generally the ege-apparatus may remain in a healthy condition after 
8-9 days of bloom; hereafter it is obliterated in some sacs, resulting in the 
shrinkage of the ovule, while in other sacs it survives, enabling the oyule to 
grow further and to develop into the embryoless seed. 

3. Even under the most unfavourable nutritive condition (in an abscised 
flower) the ovary grows to the same size as in the fertilization stage. 

4. At about the time the surviving ovules are diferentiated the slightly 
grown ovary begins to acquire an erect position. Such ovary develops into a 
capsule, smaller in size, but of normal structure. 

5. The number of embryoless seeds developed in a single fruit appears 
in a certain degree proportional to the nutritive condition. 

6. The dehiscing mechanism of the capsule is the same as the normal 
one, but the maturation or dehiscing period is considerably deferred. 

7. Such an ovarial development expresses the vegetative (WINKLER) or 


autonomic (FITTING) parthenocarpy. 


VI. Pollinated Flowers under Different Conditions. 


In fertilized flowers, under normal conditions, the structural changes 
ensue upon the ovarial wall, ovular tissue, and embryo-sac parallel to each 
other in such a way that they come to the end all at the same period. 
How the development of one portion relates to that of the other, or what 
relation exists between the act of fertilization and the development of these 
portions, would be a problem to be answered by experimental studies, in 
which an analysis of the developmental processes appears to be of great im- 
portance. The subjection of the pollinated flowers to different conditions has 
been attempted for this purpose. 

Before describing the experiments I shall first consider the reaction of 
the stigma to pollination and to the germination of the pollen-grains. 

The stigma of Gastrodia is situated at the basal portion of the 


gynostemium and sits directly on the ovary. At the period of bloom its 
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surface shows a mucilaginous character. It is due, as in other orchids, to 
the development of the mucous papillae having very conspicuous nuclei. A 
short conducting canal, which the pollen-tube passes through, is also lined 
with a similer tissue. As soon as the pollen sends out the tube (a day after 
pollination), the surface of the stigma swells up, indicating perhaps the reac- 
tion of its tissue to the action of the tube. Two days after pollination, we 
find the tubes penetrating massively into the stigmatous tissue and passing 
through the conducting canal as a silky bundle. Entering the ovary they 
run downwards along the oyarial wall between the placentas, but at this 
period the tubes do not yet reach the basal portion of the ovary, nor do 
any of them attach their apex to the micropylar end of the ovule. After 
3 days some ovules receive the tube, but fertilization is not yet effected. 
Some oyules become fertilized on the next day. During the clongation of the 
pollen-tube cellulose plugs are formed in succession towards the younger 


portion. 


1. Acriviry oF THE OLD PoOLLINIUM. 


In nature the pollinium may be carried away by insects upon the stigma 
on different days after bloom. To ascertain whether the pollinium at different 
ages presents a different behaviour or not as regards fertilization, the stigma 
of the just.opened flower was pollinated with the pollinium left upon the 
gynostemium for certain days after bloom. The pollinium, when too old, 
became more or less pulverous, but for a few days it remained intact, retain- 


ing its sticky character. 


Experiment 5. 

1. The 2-days old pollinium :—Fertilization and the fruit formation 
took place normally. 

2. The 4-days old pollinium :—After 3 days of pollination the ovaries 
showed a swelling, some remarkably and some slightly. After 7 days some 
ovaries indicated the normal development for the fruit, while some showed 
only a slight growth. In the latter case the fertilized ovules were less in 
number than in the former. 

3. The 6-days old pollinium :—After 4 days the ovary somewhat in- 
creased in size, but less than in the normal case. After 9 days a little 
further growth was recognized in the ovary, but in most ovules the embryo 
formation was unsuccessful; only occasionally multicellular embryos were 
found. 
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Results :—The germinating power of the pollen is lost when several days 
old. A check experiment in this connection shows that the 5-days old pollens 
failed to germinate in a moist chamber, while the 2-days old ones germi- 
nated profusely on the next day. The inhibition of the ovarial growth in 
flowers pollinated with an old pollinitum must be, therefore, ascribed to the 
failure of fertilization. 

We recognize a close relation between the durability of the germinating 
power of the pollen and the period of withering of the perigone. As we 
have remarked previously, the perigone remains widely open and fresh until 
4 days after bloom, allowing the visit of insects. It would be ecologically 
important that the pollinium retains its germinating power during this period 


for rendering pollination effective. 


2. PERIOD OF POLLINATION. 

It is evident that the development of several parts of the flower is so 
adapted as to receive the pollinium at the time of bloom. In case of untimely 
pollination, therefore, the question arises as to its effect towards fertilization, 
and as to the developmental features of several parts before or after fertiliza- 
tion. Harriny’s ('02) experiment in this respect with tobacco plants shows 
that application of good pollen to immature pistils causes the flower to fall 
off. In carrying out a similar experiment with Gasfrodia, the pollinia taken 
from just opened flowers were applied to the stigma of flowers of different 


ages. 


Pollination of Young Flowers. 
Experiment 6. 

Pollination was made a day or two before bloom. At the latter period 
most ovules, as already mentioned, were yet rudimental and presented the 
synapsis knot stage of the archesporium nucleus, and at the former period the 
spireme stage. The pollen germinated immediately. Two days after pollina- 
tion, that is, a day or two after bloom, the embryo-sac was yet at the 
binucleate stage with its plasm massed at the upper end, while the unpol- 
linated flower in the same inflorescence, becoming 3 days old, had the more 
advanced sac, being mostly at the 4-nucleate stage, or completing the ege- 
apparatus. The pollen-tube did not reach the ovule. Thus the development 
of the pollen-tube and the embryo-sac were essentially normal. 

When observed 4 days after pollination, the embryo-sac in the flower 
pollinated a day before bloom was mostly found to complete the egg- 
apparatus, and indeed many ovules were already fertilized, while the flower 
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pollinated 2 days before bloom showed a little earlier stage of the ovular 
development. 

The subsequent development of the ovary and ovule proceeded approxi- 
mately similar, as observed in flowers pollinated at due time. 


The above experiment appears to show that an earlier pollination brings 
about a little earlier fertilization. Probably it may be ascribed to the deye- 
lopmental condition of the pollen-tube rather than to that of the embryo-sac. 
For, as already mentioned, in the flower pollinated on the day of bloom the 
critical period of fertilization is reached after 4 days, in spite of the completion 
of the egg-apparatus after 3 days. The failure of fertilization after 3 days 
under ordinary conditions is due to an incomplete development of the pollen- 
tube. In the present experiment the pollen-tube at the 4-days stage and the 
ovule at the 3-days stage are brought into combination, both being at the 


critical period for effecting fertilization. 
Pollination of Old Flowers. 
Experiment 7. 
IL gilt). 

Pollinated 2 days after bloom:—The ovary, 3 days after pollination, 
that is, 5 days after bloom, became slightly larger than that at the 4-days 
stage in the flower pollinated the day of bloom, and fertilization was taking 
place in some ovules. 

Pollinated 3 days after bloom:—The ovary, 4 days after pollination, 
showed the normal course of growth and the effect of fertilization. At the 5- 
days stage (after pollination) it was similar in size to the ovary pollinated 
on the day of bloom which attained to the 5-days stage, and the embryo showed 
also a similar stage of development. After 15 days seeds with the typical 
testa matured. The fact that most ovules were fertilized could be shown by 
the amount of seed produced. 

Pollinated 4 days after bloom :—At this period the perigone remained 
yet open, but the inner labellum shrank and hid the top of the gynostemium 
from view. After 2 days the ovary became larger, especially more elongated 
than in the unpollinated flower. After 3 days the growth of the ovary be- 
came more conspicuous. After 7 days the ovary was similar in size to that 
at the fertilization stage in the normally pollinated flower. Here the number 
of fertilized ovules was diminished, and as the result the ovary was much 
stunted in growth. 

Pollinated 5 days after bloom :—The perigone already wilted at this 
period. After 2 days the growth of the ovary was inconspicuous. When 
observed after 5 days it showed scarcely any subsequent growth. After 6 
days most ovules attained the size at the fertilization stage, but in fact 
remained unfertilized. Seldom two-celled proembryos were found in some 
ovaries, while fertilization failed entirely in other ovaries, which were as 
much inhibited in growth as those of unpollinated flowers. After 10 days 
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most ovules in the unfertilized ovaries shrank, while a few surviving ones 
showed a gigantic growth. 


(2 1912). 


Pollinated 3 days after bloom :—The result was essentially similar to 
that obtained in the preceding year. After 6 days two-celled proembryos 
were found in some ovaries. 

Pollinated 4 days after bloom :—After 4 days the pollen-tube reached 
the micropylar end of the ovules, but in some ovaries all the ovules advanced 
in development so far as to be incapable of fertilization. In other ovaries, 
however, two- or three-celled proembryos were found after 5 days in large 
number of ovules that assumed a spindle shape. After 11 days few-celled 
embryos were derived from these proembryos. The ovary containing numerous 
embryos developed into a normal fruit. 


3 (1913). 

Pollinated 3-4 days after bloom:—On numerous flowers examined, the 
ovaries advanced in development, so as to produce essentially normal fruits, 
pointing out that fertilization took place undisturbed. 

Pollinated 8 days after bloom:—Of four adjoining flowers in the same 
inflorescence two were pollinated and the other two were left unpollinated. 
At the beginning of the experiment they all showed the same development of 
the ovary. After 4 days the difference in size between the pollinated and 
unpollinated ovaries became somewhat apparent (Text-fic. 16). After 6 days 
some embryoless seeds, already provided with the testa, attained to maximal 
size. ‘They occurred in abundance. The pollen-tubes penetrated into the 
stigmatal tissue, but I was unable to follow them in the ovarial cavity. After 
20 days the pollinated ovary much exceeded in growth the unpollinated one, 
but, as a remarkable fact, embryogenie seeds were scarcely found. 

Pollinated 10-15 days after bloom :—At this period the surviving and 
disorganizing ovules had already been differentiated, and the effect of pol- 
lination was not presented at all. 


4 (1914). 

Pollinated 6 days after bloom :—Perigone wilted, but the stigma was yet 
mucous. After 3 days the ovary did not differ in size from that of the un- 
pollinated flower, but it happened in some stocks that the pollinated ovary 
took an erect position. After 5 days all the pollinated ovaries increased in 
size and could be easily distinguished from the unpollinated ones. After 8-9 
days they exhibited a certain variation in size; in some it corresponded 
to the 7-days stage of the normally pollinated ovary, while in others it was 
much smaller. The upper portion of the ovary was much swelled and towards 
the basal portion it tapered gradually. Corresponding to this, more numerous 
seeds were produced in the upper portion, while in the lower their amount 
was as few as in the unpollinated ovary. Many seeds contained the embryo, 
but there were, especially in the lower portion, sterile ones. After 13 days 
the seed matured. 

We learn that some ovules retain the fertilizing activity. That the 
fertilized ovules are more numerous in the upper portion of the ovary may 
be explained as being due to the arrival of the pollen-tube earlier than in 
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the lower portion, where the fertilizing activity of the most ovules are lost at 
the time of arrival of the tube. 

Pollinated 7 days after bloom:—At this period the ovules with the 
shrunken embryo-sac were very few; the ege was hypertrophied and contained 
a large vacuole; enlarged ovules were rarely found. ‘The difference of the 
ovary in size from the unpollinated one became apparent after 5 days. After 
7 days the growth of the ovary was conspicuous; some ovules, especially at 
the upper portion of the placenta, were fertilized (409%), and the seed-develop- 
ing ovules decreased in number in the lower portion. After 9 days the ovary 
was far smaller than the same-aged one normally pollinated. The amount of 
seed is a little larger than in the unpollinated ovary (1:1.5); in the pollina- 
ted ovary smaller seeds were found, but none in the unpollinated one. The 
seeds which contained the embryo were few in number. 

After 11 days we obtained, besides the enlarged ovaries, some smaller 
ones, similar in size to the unpollinated ones. The number of seeds in the 
smaller ovary was approximately equal to that in the unpollinated one. Only 
a few of them contained the embryo. 

After 18 days the capsules derived from the pollinated and unpollinated 
flowers dehisced at the same time, due to the unhealthy state of the axis. 
Both capsules were only slightly different in size. 


Taken altogether, the results of experiments relating to the period of 
pollination may be summed up as follows : 

When pollination is delayed for 2-3 days, fertilization may take place 
almost undisturbed, and the formation of fruit proceeds quite normally. In flowers 
pollinated after 4 days, fertilization is sometimes quite ineffective, and, if it 
is effective, the resulting fruit varies in size according to the number of 
embryogenic seeds. A further delay makes the fertilization more difficult, 
though a few ovules may retain their fertilizing activity as late as 8 days after 
bloom. Pollination so much delayed that all ovules become quite incapable 
of fertilization, may induce no promoting action upon the growth of the ovary. 

Generally the ovule, like the pollinium, retains the fertilizing activity as 
long as the perigone is fresh. 

A striking feature, found in the series of experiments, is the occurrences 


of polyembryony. This will be discussed later on. 


3. POLLINATION INTO THE Ovary. 


STRASBURGER (86) has already ascertained in some orchids that the 
insertion of the pollinium into the ovarial cavity may effect fertilization and 
produce ripe seeds. It shows that the germination of the pollen-tube and 


the resulting development of the ovary and ovules are manifested without the 
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agency of the stigma. This is a point worthy of consideration in Gastrodia, 
regarding the relation between pollination and the ovarial as well as oyular 
development. 


Experiment 8. 
uf (@ugnO Dy. 


The ovary was cut transversally through the upper portion, and the 
pollinium was introduced into the cavity from the ent surface. After 4 days 
the ovary showed a normal growth; after 5 days it elongated and swelled 
up, indicating the ‘accomplishment of fertilization ; after 7 days a further 
growth of the ovary was observed, some ovules were still young and 
small, being at the fertilization stage, but others became enlarged and some- 
what pulverous, developing multicellular embryos. Normal seeds were deve- 
loped in abundance from the ovules of the latter. 


2) (LOT): 

The pollintum mixed with the mucilage taken from the stigma was 
introduced into the ovarial cavity from the cut surface. After 3 days the 
ovary showed a normal growth; after 4 days the pollen-tubes did not pene- 
trate into any of the ovules; after 5 days they elongated further, but no 
entry into the embryo-sac was ascertained; after 7 days the ovary showed 
no subsequent growth, yet a small number of ovules were found already 
fertilized, producing the two-celled proembryo. 


3 (1913). 

The pollinium was introduced into the ovarial cavity through an opening 
made on the upper portion of the ovary. ; 

After 3 days the ovary showed no difference in size from that of the 
same-aged unpollinated flower. After 4 days it showed a slight swelling, and 
after 6 days it grew remarkably. After 7 days the difference in size became 
apparent among several ovaries treated similarly. After 10 days the fertilized 
ovules had grown as large as an adult seed, but without completing the testa. 
Fertilization was not accomplished uniformly throughout the ovarial cavity. 
Often most ovules on one placenta remained unfertilized, with a less growth 
of the ovarial wall on this side. These ovules showed the same phase as 
those of the unpollinated flower, some being small and having the shrunken 
embryo-sac, and some becoming gigantic. 

Under favourable conditions nearly all ovules were fertilized, and the fruit 
produced grew as large as the normal one. 

After 14 days seed matured, but the fruit-wall was yet juicy. 


Results :—The pollinium may germinate within the ovarial cavity and 
effect fertilization, thus without agency of the stigma. Sometimes the dis- 
tribution of the pollen-tubes is not universal throughout the ovarial cavity, 
leading to the failure of fertilization in many ovules. In connection with the 
limited number of fertilized ovules the resulting fruit is smaller than 


usual. 
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4. SELF- AND Cross-POLLINATION. 


Among entomophilous flowers self-pollination may sometimes be ineffect- 
ive and even the pollen-grains may act injurious on the stigma of their own 
flower, while in other cases both self- and cross-pollination has the same effect. 
Besides these extreme cases, both processes of pollination differ in several 
degrees, regarding fertilization and the development of the fertilized ovary. 
For instance, Fasrr (12) finds in Coffea, that in the case of cross-pollination 
fertilization takes place after 4 days, while it takes place after 6 days in 
self-pollination. According to v. TscurrmMack (’02), the growth of the fruit 
of Cheiranthus produced by crossing is more vigorous than by self-pollination. 

In Gastrodia the effect of self- and cross-pollination was carefully com- 
pared with flowers in the same inflorescence. It revealed no difference at all 
between the two cases; fertilization took place in the same interval (after 4 
days), the development of the embryo and fruit was also quite similar in all 
details. So that, in an entomophilous flower so much adapted in structure 
for cross-pollination as the Orchidaceae, self-fertilization can be effective 
quite as well as cross-fertilization. Of course, the flower is constructed so 
as to ensure cross-fertilization by insect-aid, but occasionally the pollinium 
may happen, in natural condition, to fall (shaken by wind) upon the 
stigma of its own flower, which is situated at the base of the gynostemium, 
and cause self-pollination. In Darwry’s work (86, p. 290) several orchids 
are mentioned as being capable of fertilizing themselves without the aid of 
insects. In some orchids Rmtry (88) has noticed the possibility of self- 
fertilization, though not evidenced by experiment. Perhaps the same thing 


as in Gastrodia might be possible in several other orchids. 
5. POLLINATION OF FLOWERS ON THE ABSCISED INFLORESCENCE AXIS. 


Tn an intact inflorescence the flower would withdraw a large amount of 
food materials from the tuber as soon as it is fertilized. To know how an 
interruption of the nutritive connection with the tuber interferes with the 
development of the fertilized flower is the object of the present experiment. 

Experiment 9 (Text-fig. 18). 


Many inflorescences were used, sometimes an entire inflorescence, some- 
times a portion bearing only a few flowers. Therefore, the relation between 
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the total amount of food materials present in the vegetative tissue and the 
number of the fruit-producing flowers was variable. Yet, the general course 
of development was quite similar in all the materials used. On this account, 
we need mention only the result of observation on an inflorescence in which 
the successive stages were studied in more details. 

A short piece of an inflorescence axis bearing 7 flowers was kept, being 
inserted in water, when all the flowers opened at once and were pollinated 
on the day of bloom. 

After 4 days the ovary showed the normal growth and most ovules were 
in fertilization. 

After 7 days the ovary grew further, attaining at the most a size as at 
the 5-days stage in the normal case. Starch found in the ovular tissue was 
as abundant as in the normal case. The prosmbryo gave a row of 3-4 cells 
and its apical cell underwent the longitudinal division. The growth of the 
integument proceeded normally and its margin extended a little beyond the 
nucellus. The ovule assumed a normal, oval form. 

After 9 days the ovary remained in size as before. Ovules became seed- 
formed, but most of them were broader and shorter than the normal ones at 
the same stage. Starch in the ovule diminished considerably. The embryo 
became few-celled. 

After 12 days no subsequent growth of the ovary was observed. Young 

seeds were spindle-formed, but shorter than the normal 
( Q ones at the similar stage, being round- 
ed at both ends. Hpidermal cells 
contained a few large grains of starch 
and their wall did not yet thicken. 
The embryo became  multicellu- 
\ | lar. 
7 eg 16 After 16 days the ovarial cavity 
Text-fig.18, Aflower W25 filed up with pulverous, nearly 
on an abscised inflores- Tipe seeds having the testa with the 
cence axis, pollinated sculptured surface. The embryo was 
mae the Gastrodia-pol- already packed with reserve materials. 
inium. Nat. size. co = 

As the seeds were produced in normal 
amount within a far smaller cavity of the ovary, they 
were arranged more compactly than usual. Compared with 
the normal seed the tissue of the testa was more or less 
arrested in development. The lesser elongation of the 
composing cells at the charazal end and the depressed 
multiplication of cells in the integument at the opposite 

end gave a rounded outline to the seed (Text-fig. 19). 

In a comparatively large number of seeds the testa 
consisted of the tissue itself, which had developed up to 
the time of fertilization (cf. Text-fig. 11). Strictly speak- 
ing, no integumental tissue has ever developed in this 
case, and in becoming the testa the epidermal cells of the 
ovule merely enlongated and enlarged slightly till the 
reticulate thickening of their wall took place. On this 
account, at the micropylar end the testa reached scarcely seed from a flower on 
a little beyond the top of the nucellus (Text-fig. 20), ®m.abscised inflorescence 


‘ axis, 16 days after bloom. 
Onthe whole, the development of the embryo was essentially 200. 
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normal, but the ovarial wall and the seed-coat were greatly retarded in 
development. 

After 19 days the capsule came to maturity and dispersed the seed on 
dehiscence. 


Results :—Fertilization takes place normally. The} number of ovules 
developing into the seed is nearly as large as in the normal 
ease. The growth of the ovary after fertilization is greatly 
hindered and its fmal size corresponds to that acquired by 
the ovary at its 5-days stage during the normal develop- 
ment. The resulting smaller capsule dehisces at the ordinary 
period. Most seeds possess poorly developed testa, owing 


to a lesser elongation and enlargement of the component 


cells and also to the perversion of the development of the Text-fig. 20. A 
young seed from «a 
flower on an abscis- 
ed inflorescence axis, 
16 days after bloom. 
As a whole, the scarcity of food material causes an ~ 200. 


integument, in spite of the almost normal development of 


the embryo. 


imperfect development of the ovarial and ovular tissue, but it does not 
interfere with the number of ovules going into seed formation, nor with 


the development of the embryo. 
6. POLLINATION or ABSCISED FLOWERS. 


The flower taken off from an inflorescence axis is in a more unfayoura- 
ble condition of nutrition than that on an abscised inflorescence axis. While 
in the latter the food materials stored in the axial tissue may be in part 
utilized by the fertilized and growing ovary, in the former the supply of the 
food materials from any extrafloral portion is absolutely interrupted. Under 
such limited nutrition the flower can remain alive till the fertilized ovale 
develops into the seed. 

Experiment 10. 
Just opened flowers were cut off as soon as pollinated, and were kept 


in Perris dish. Care has been taken not to keep the medium too moist, 
since, otherwise, the flower might be attacked by mould fungi. 


il gyn). 
After 3 days the ovary swelled as on an intact flower ; the development 
of the ovule proceeded normally ; pollen-tubes elongated so much as to attach 


to the micropylar end of the ovule. 
After 5 days the ovary was smaller than the normal one at the 4-days 
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stage; the ovule increased in size as at the stage of fertilization. Many 
ovules contained two- to four-celled proembryos, nace ‘there were yet unfertilized 
ovules provided with the complete egg-apparatus or with degenerated embryo- 
sacs. In fertilized ovules the integument was greatly hindered in deyelop- 
ment, whereas the ovule remaine ale in an oval foun. 


Text-fig. 21. The 7-days 
stage of an ovule from an 
abscised flower, pollinated on 
the day of bloom (living speci- 
men in optical section). x 400, 


Text-fig. 22. The 15-days stage of the same 


Text-fig. 23. The 20-days (living specimen in optical section). x 400. 
stage of the same (living speci- 
men in surface view). x40. 


After 6-7 days the ovary attained the size corresponding to that attained 
by the normal pollinated flower after 3-4 days. In microtome sections we 
learned that, accompanying the hindrance of enlargement of the oyarial cavity, 
the placenta showed no such growth as could be seen in the normal case. 
Under this condition the fertilized and erowing ovules were arranged com- 

pactly. The development of the integument was much prevented ‘and also 
tHe embryo-sac remained small, though the proembryo grew undisturbed, so 
much as to fill up nearly the cavity of the sac. 


(1913). 


After 4 days the ovary became larger than on the abscised day, but it 
was smaller than the intact one at the same age; the perigone remained 
fresh; most ovules were in fertilization. 
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After 7 days starch disappeared almost entirely from the oul giving a 
transparent view to it; the prosmbryo attained to the two-celled stage (Text- 
fie. 21), occupying the 2 greater portion of the small cavity of the embryo-sac. 
While in the normal, pollinated flower the intagument developed e considerably 
at the corresponding stage, here its marginal erowth was suppressed entirely, 
so that the nueellus re smained exposed just as at the fertilization stage. The 
component cells of the ovule underwent no enlargement (compare Text-fies. 


13 and 21). 


After 9 days a remarkable differentiation took place among the fertilized 
ovules. Many ovules remained as at the 7-days stage, containing mostly collapsed 
embryo-sacs, but some became strikingly hyper trophied with their component 
cells swollen and turgescent, and also with he enlarged embryo-sac, which 
contained the 4- to 6-celled and club-shaped proembryo. The hypertrophied 
ovules were as large as observed in the unpollinated flowers in the preceeding 
experiment. 

As a most noteworthy fact we observed that, while starch disappeared 
entirely in the collapsing ovules, a certain amount of it remained in the 
eomponent cells of the hypertrophied ovule. It gave an indication that there 
prevailed a struggle for existence among the fertilized ovules at a certain 
stage after fertilization, and that the surviving ovules withdrew the nutritive 
material from the pevishing ones. 

After 11 days no noteworthy change occurred subsequently in the ovule, 
except that the proembryo grew further. Large starch-grains were still found 
in the integumental cells. 

After 15 days many ovules shrank entirely, but the surviving ones 
proceeded for the seed formation, producing multicellular embryos. Ovular 
cells, especially the epidermal cells, were strongly turgescent, containing 
sometimes a residue of starch, though in most ovules they became quite 
empty of it (Text-fig. 22). 

Generally, the development of the ovular tissue was checked, no cell 
multiplication taking place from the seventh day on. At this stage the 
nucellus remained mostly exposed. The ovule was generally far br yader and 
shorter, taking on an oval form. No thickening of the w: all took place in the 
testa-cells. 

After 17 days the seed assumed a broad spindle form with rounded 
ends; the embryo acquired the adult state, being densely granular due to 
accumulation of reserve materials. The reticulate thickening alreas ly took place 
or was taking place on the wall of the testa-cells. 

After 20 days the ovary remained in size as at the 4-days stage of the 
normal one, and was yet fresh. However, its cavity was filled up with 
greyish dried seeds which corresponded in general appearance to those 
found in a mature fruit developed under the normal condition. The seeds 
were pulverous, with the testa and embryo completed in their development. 
The maturity of the embryo was indicated by a yellowish eolour and Compact 
structure, though it was generally smaller (Text- -fiz, 23). 

Most seeds showed more or less deviation in aan and size; they were 
broader and shorter. Among them we found some, whose sesd-coat was so 
greatly suppressed in development that we might almost say, the embryo was 
without the seed-coat (compare Text-figs. 23 and 27). 
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The ovarial wall assumed the structure of the capsular wall but was in- 
capable of dehiscence. 


(1913). 

Another set of flowers treated similarly yielded the same result. Observed 
after 16 days the seeds in the upper half of the ovarial cavity became greyish, 
showing a complete maturation, while those in the lower half were at a little 
younger stage, with complete testa and a full-grown yellowish embryo. At 
this stage a residue of starch was found in the placental tissue, so that the 
fruit was not in fact at an entirely starved condition at this period. 


Results :—Fertilization is not prevented. After fertilization the growth 
of the ovary does not take place. All fertilized ovules can develop up to a 
certain stage (generally the stage developing the 2- or 3-celled proembryo) ; 
hereafter some oyules disintegrate and only the surviving ones succeed in 
developing the szed. 

In most ovules the integumental tissue does not, in a strict sense, come 
to development. It results in the formation of the seed with such an imperfect 
seed-coat that the seed often appears to be represented by the embryo itself. 

Scarcity of the nutritive materials, to which the abscised flower is sub- 
jected, causes no or imperfect development of the ovarial and ovular tissue, 
while the embryo is not essentially affected in its nutrition and deyelop- 


ment. 


7. POLLINATION OF FLOWERS witH BROKEN OvaRIErs. 


Experiment 11. 


1. A transyerse hole, Imm. in diameter, was made on the ovary by 
piercing it with a thick needle. Pollination induced a normal growth to the 
ovary and effected fertilization to the ovules, except those along the hole, 
resulting in the formation of the capsule with ripe seeds. If the hole was 
large, the capsule was much deformed and small. 

2. When the ovarial wall was split along 2 or 3 longitudinal lines, 
fertilization was not hindered in the exposed ovules. However, the ovary 
could not grow normally, the resulting capsule being much smaller in size 
(the 6—-7-days stage of the normal ovary). The seed, though normal in size, 
appeared incapable of full maturation. 

3. When one of the three placentas was taken off together with the 
ovarial wall, the other placentas became exposed. Fertilization was largely 
disturbed, as the ovules shrank previously, or the fertilized ovules perished 
during the subsequent development. Still we could obtain a few mature seeds 
im a small deformed capsule. 

4. A transverse notch was made at various heights of the ovary, reach- 
ing to its median longitudinal axis, and a piece of a cover glass was inserted 
in the wound thus produced. Pollination induced the undisturbed growth of 
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the ovary. But the portion of the ovary below the notch was retarded in 
growth, and the ovules under the coyer glass remained mostly unfertilized. 
As a whole the capsule could attain to normal size in a deformed form. 

5. A red-hot needle was inserted longitudinally into the ovarial cavity. 
Almost all ovules thus perished. Pollen-tubes entered the ovarial cavity, but 
they could not exert stimulation to growth. Yet the ovarial wall remained 
fresh and healthy, though fertilizable ovules were lacking. On the other 
hand, if a few ovules were left alive, more or less growth took place on the 
ovarial wall, accompanying the development of the seed. 


Results :—The wounded ovary is able to develop into the capsule, allow- 
ing the living and fertilized ovules to form seed. As a remarkable fact, the 
pollinated ovary is unable to grow further, when all the ovules are killed, in 
spite of the germination of the pollen on the stigma and the entry of the 


pollen-tube into the ovarial cavity. 


VII. Stimulus upon the Stigma. 


Frrrine’s ('09, *10) extensive experiments on orchid flowers haye brought 
about several interesting results, among which we find the most interesting 
fact that the stimulus in various ways upon the stigma results in the induce- 
ment of several different phenomena of postfloration. Following him I tried 
a few experiments with Gastrodia respecting the problem of postfloration ; in 
particular, I paid special attention to the relation between the stimulus upon 
the stigma and the development of the ovary and oyule. In several check 
experiments I came to negative results and the experiments were not 
extended further. In the following I shall give only the results of a few. 

When particles of soil were put on the stigma of a just opened flower, 
the perigone wilted after 4 days. The growth of the ovary and the develop- 
ment of the embryo-sac showed no divergence from those in the normal case. 

When an extract of the Gastrodia-pollinium, obtained with boiling water, 
was put on the stigma, no effect was observed, the flower proceeded in 
development quite similar to the unpollinated flower. 

When particles of cane sugar were applied, the perigone wilted after 5 
days. The development of the ovary went on similarly as in the unpollinated 
flowers. 

When particles of sodium chloride were applied, the effect appeared too 


violent. The stigmatal tissue shrank and blackened. On the next day some 


fo | 
bo 
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flowers wilted and hung downwards. After 2 days they dried up. In other 
. flowers the junction between the perigone and the ovary shrank. The healthy 
portion of the ovary could develop like that of the unpollinated flower. 
When the stigma was wounded by the pincette the perigone wilted after 
3-4 days. After 5 days the egg-apparatus was completed. Subsequently, the 
wound was healed and the ovary developed like that of the unpollinated 


fl ywer. 


VIII. Pollination with Foreign Pollen. 


The action of foreign pollen-grains, not only from the same genus but 
also from widely diversed families, upon the development of the ovary or 
ovule has attracted attention since olden times (GARTNER, 49). In orchids, 
HormeIsTER (GOEBEL, ’01, p. 793), HILDEBRAND ('63), STRAsBURGER (’86), and 
lately SHarP (12) obtained the result that the ovule, which is yet rudimental 
at the flowering stage and remains undeveloped at the prevention of pollina- 
tion, undergoes a further development, if certain foreign pollen-grains, of 
course incapable of fertilization, germinate on the stigma. In certain cases 
an accompanying growth of the ovary is observed. These facts place a 
remarkable significance upon pollination as implying double action of the 
pollen-tube, one relating to the development of the embryo and the other to 
the development of the ovary and ovule (see a review of yv. TSCHERMACK, 
02). 

As orchids afford the best-suited material for the experimental study on 
this subject, and as the results of the previous investigations suggest more 
exhaustive researches, an attempt has been made with Gastrodia to study in 
detail the action of the foreign pollens and their final effect upon the ovarial 
and oyular development. Among several plants which furnished the pollen, 
Bletia hyacinthina brought about the most remarkable results, so that the 


experiment with its pollen was carried out more extensively than with others. 
1. Pownisium or BLETIA HYACINTHINA. 
Experiment 12. 


Intact flowers. 


1. To follow out the developmental features of flowers pollinated with 
Bletia in comparison with those unpollinated and pollinated with its own 
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pollinium, I took first an inflorescence of Gastrodia elata forma viridis; a bluish 
green form (Text-fig. 24). For brevity I used the sign U for the unpollinated 
flower, G for the flower pollinated with its own pollinium, and B for the flower 
pollinated with the Bletia-pollinium. 

After 3 days B showed like G a response to pollination by wilting its 
perigone, while in // it remained fresh. The pollinium of Bletia, kept in a 
moist substratum, germinated massively and 
vigorously on the third day, sending out lone 
tubes. Germination went on similarly through 
the stigma, so that on this day already the tubes 
were found distributed in the ovarial cavity. 


Text-fig. 24. Three flowers of Gastrodit Text-fig. 25. A medium-sized 
elata forma viridis. U, unpollinated; B, ovule in a flower 8 days after 
pollinated with the Bletia-pollinium; (, pollination with the Bletia-polli- 
pollinated with the Gastrodia-pollinium. nium (fresh material). x 400. 
Nat. size. 


Reacting to the germination of the pollen the surface of the stigma showed 
a swelling just as seen with the pollen of Gastrodia. In B the ovular deve- 
lopment was usual; a few ovules already completed the egg-apparatus, some 
were at the 4-nucleate stage, some still at the dividing stage of the two 
nuclei into four. 

After 4 days the ovary thickened further both in B and @ similarly, 
but far less in U. The perigone of the last flower wilted on this day. 

After 6 days the ovary of B and G showed an equal increase in size. 
The ovule in B, having a distinct ege-apparatus, acquired a form as was attained 
in G@ after 4 days. It was remarkably greater than the same aged one in 
U, in which the embryo-sac exhibited the same stage of development. 


1. It possesses a smaller capsule than the type. 
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After 8 days the ovaries of B and G were of quite the same size, thus 
showing /& to be advancing in the fruit formation. In some ovaries of B 
most ovules assumed an oval form with the integument growing up to the 
level of the nucellus, but in other ovaries some oyules gave indication of a 
gigantic growth (Text-fig. 25). The largest ovule became twice as large as 
that found in G after 4 days, with a corresponding enlargement of the com- 
ponent cells. The size of the ovyule presented at this period a wide range of 
variation. In the enlarging ovules 
the embryo-sac remained healthy, the 
ege-cell being enlarged and the pole 
nucleus becoming conspicuous with an 
increase of the chromatic content. The 
pole nucleus was often found com- 
pressed at the base of the sac cavity 
from the enlarging ege-cell. 

After 12 days the growth of the 
ovary and of the gigantic ovules in B 
proceeded further. 

After 15 days the gigantic ovules 
presented a wide degree of variation 
in size. Some already attained the 
size of an adult seed, but both ends 
were less tapering. The testa-cells did 
not yet thicken their wall and still con- 
tained a large amount of starch. 

At this period the ovaries of B 
and G attained their maximal growth 
into a capsule. An external difterence 
was scarcely recognizable between the 
capsules ; they merely appeared in @ 
solid and thicker, provided with a 
thicker placenta. 

After 19 days the surviving ovule 
in 6 developed into a mature em- 
bryoless seed. The size and form were 
essentially the same as those of the 
normal seed. 

2. The experiment was repeated 
with Gastrodia elata, yielding on the o 
yee the oe Tesult. One of the Text-fig. 26. Development of the frnit from 
BiG 8 used 18 reproduced in Text-fig. fsowers unpollinated (lower four), pollinated with 
26, which bore only 6 flowers. One the Gastrodia-polliniam (upper right), and pol- 
(left) of the upper two flowers was linated with the Bletia-pollinium (upper left). 
pollinated with the letia-pollinium Nat. size. 
and the other (right) with its own 
pollinium on the same day, while the lower four were left unpollinated. The 
difference in growth of the ovaries between the upper and lower sets of 
flowers became more and more marked on the succeeding days. The mature 
fruits from the upper two flowers were externally so similar as to be scarcely 
distinguishable. 
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The dehiscence of the capsule took place after 28-29 days under a 
somewhat unhealthy condition of the axis. The seeds produced were as many 
as in the normal capsule, and in form and structure they revealed in general 
no difference from the normal embryogenic seeds (Text-fig. 27), though a 
certain number of smaller seeds were found mingled together. 


3. To determine the dehiscing period of the capsules of {different kinds, 
several flowers from a vigorous stock were treated as before. The flower shoot 
remained quite healthy until all the capsules came to dehiscence. The result 
was as follows: 


Dehiscing period 
(days after bloom). 


Noa GATE copodeocUBosAbdeoosapponouanodnoshepn spp DoDdaE Ease 19 
Capsule arising from the unpollinated flower....................-.0--- 27 
Capsule produced by crossing with Blelia-pollinium.................... 29-30 


The Sletia- pollinium is 
characterized by producing: pol- 
len-tubes exceedingly longer than 
those of Gastrodia,’ \{orming, 
like the latter, cellulose ,plugs. 
As a most noteworthy fact, 
they endured exceedingly long 
and, at the dehiscing, speriod 
of the capsule, were found. still 
thriving, entangled like fungus- 
mycelia, throughout the !eavity 
of the capsule. Certain defor- 
mations were observed in the 
tube, giving a node-like swelling 
and a Imnee-like bending. In 
no case the attachment of its 
apical portion to the micropylar 
end of the oyvule could be 
observed. 


Results :—Towards the frue- 
tification of Gastrodia the polli- 
nium of Bletia behaves quite 
similarly to that of Gastrodia, 
the only difference being the 
absence of an embryo in the 


seed. It is remarkable that the 


dehiscing period of the capsule 
P Text-fig. 27. Full-grown embryogenic 
is much later. and embryoless seed. x 150. 
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Experiment 13. 
Flowers on the abscised inflorescence axis. 

A portion of an inflorescence axis, measuring about 10 em. in length and 
bearing 7 flowers, all opened a day before, was inserted in water at one end, 
soon after pollination. The ovary increased in sizo day after day. After 6 
days it elongated as much as the same-aged one, which developed on the 
flower pollinated with the Gastrodia- pollinium under the s same condition (see 
Experiment 9) and, though somewhat slender, it corresponded in size to 
that at the 5-days stage in the normally pollinated flowers. The ovule deve- 
loped its integument s> much that it slightly excseded the level of the apex 
of the nucellus. The embryo-sac was obliterated. Starch disappeared from 
the ovular cells, only a small ¢ juantity being left in eells below the funiculus. 
The intricate pollen-tubes were found among the ovules. 

Gigantic development of the ovule was “ excaedinely rare (only a small 
percentage). 

After 13 days the ovary scarcely corresponded in size to that of the 
normal fertilized flower at the 6-days stage. The 


ovarial wall was comparatively thin and juicy, and 
contained a small amount of starch. Its cavity ap- 
peared more spacious than usual. The surviving 
gigantic ovules developed into nearly mature seeds, 


some larger, some smaller, as might be seen from the 
structure of the testa in the progress of development, 
while others shrank entirely. Pollen-tubes were yet 
thriving throughout the ovarial cavity. Text-fig. 28. A flower on 

After 17 days the ovary remained in its general 1m abscised inflorescence 
aspect as before. So also the pollen-tubes. The testa ®%s,Pollinated with Bletia- 
was completed. eo ae ae 

After 19 days the ovary produced a ripe capsule. The living pollen- 
tubes, having developed profusely, bound up the pulverous seeds. 


13-17 


As the result of this experiment we know that the growth of the ovary 
is arrested at an earlier period, and the amount of seed is diminished. As 
a whole, it appears to show that an imperfect nutrition arrests the promoting 


action of the Sletia-pollinium upon the ovular and oyarial development. 


Experiment 14. 


Abscised flowers. 


After 6 days the ovary scarcely attained in size the fertilization stage. 
Starch diminished considerably from the ovary. The integument grew nearly 
up to the level of the apex of the nucellus. Very few ovules became gigantic 
and oval. Large grains of starch were present only in these ovules. This 
feature of starch distribution appeared to show that the scanty nutritive 
materials contained in the flower were supplied chiefly to a less number of 
ovules to enable them to further develop by sacrificing other ovules. 

After 13 days the ovary remained in size as petore: Long, intricate, 


living pollen-tubes were found traversing throughout the oyarial cavity. 
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Reticulate thickening was beginning to appear on the wall of the testa-form- 
ing cells of the surviving oyules; the cells, however, were in a swollen con- 
dition, still containing starch-grains in abundance. The seed attained nearly 
the maximal size. 

After 19 days the ovary matured as a capsule, forming the longitudinal 
dehiscing fissures in the usual way. The maturation of seed in the cay ity of 
the capsule was shown by its pulverous nature and greyish colour. At this 
period the pollen-tube was yet alive. 


The experiment shows that the ovary is almost incapable of growth, and 
the amount of seed is reduced more than in the preceding experiment with 
flowers on an abscised inflorescence axis, but appears a little larger than in 


the abscised unpollinated flower (see Experiment 2). 


Experiment 15. 


Pollination into the ovary. 


The ovary was cut transversally at its uppermost portion so deep that 
the wound reached the central axis (compare Experiment 8, case 5), and the 
pollintum was inserted in the wound. 

After 3 days the ovary assumed the same size as in the unpollinated 
flowers. 

After 4 days the ovary became larger than the unpollinated one at the 
same age. 

After 9 days the size of the ovary presented individual variations in 
wide range; some attained the normal size as might be seen in the case of 
pollination on the stigma, while some increased only a little in size after the 
6-days stage. 

After 10 days the pollen-tubes, examined in a medium-sized ovary, ran 
downwards along the ovarial wall; most of the ovules grew up in oval form, 
a few of them more elongating and becoming seed-formed. 

After 12 days larger and smaller ovaries were examined. In the smaller 
ovary the development of the pollen-tube was less vigorous than in the larger 
one, showing the fact that the size of the ovary is proportional to the 
intensity of the stimulus of the pollen-tube. The larger ovary corresponded 
in size to the same-aged ovary pollinated on the stigma. In both ovaries 
the large embryoless seeds were developed massively just below the wound, 
that is, at the portion of the placenta nearest to the pollinium applied, 
showing an intense stimulus being exerted by the tube at this portion. 
Towards the lower portion of the ‘place uta the amount of seed decreased 
remarkably equal in both ovaries, amounting in the smaller oyary to ca. 10 
per cent. and in the larger to 30 per cent. of the ovules. 

In proportion to the decrease of the amount of seed towards the lower 
portion of the placenta, the ovary showed a tapering towards its lower por- 
tion, thus giving a somewhat different form from the usual one. This was 
shown more pronouncedly in the smaller ovary, but in the larger one this 
was not always the case and sometimes its lower portion, in ‘spite of the 
lesser amount of seed produced, showed the usual swelling. 

After 15 days a smaller ovary exhibited the same feature as before. 
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Large seeds were produced more numerously just below the stigma than at 
other portions where their amount was smaller than usual, but sometimes a 
little larger or smaller than in the unpollinated flower. In all the cases we 
got a larger ovary than in the unpollinated flower. This world give evidence 
for the fact that the pollen-tube promotes the ovarial development unparallel 
with the number of the seed-forming ovules. 


Results :—The pollinium of Bletia inserted in the ovarial cavity either 
succeeds quite well, or is more or less disturbed, in germination. The growth 
of the ovary for the fruit is proportional to the vigour of the pollen-tube 
within the ovarial cavity. The promoted growth of the ovary due to the 
stimulating action of the pollen-tube does not necessarily accompany the pro- 


duction of a larger number of normal-sized seeds. 


Experiment 16’. 
Old flowers. 


1. Pollinated 4 days after bloom :—After 3 days the ovary became a 
little larger than in the unpollinated flower. Hereafter the promoted growth 
of the ovary became more conspicuous day by day, but after 11 days it was 
still somewhat smaller than the same-aged one which was pollinated the day 
of bloom. 50-60 per cent. or more of the ovules developed into larger and 
smaller seeds, while in the unpollinated ovary in the same inflorescence only 
20 per cent. developed into the normal-sized seeds. The number of seeds 
diminished remarkably towards the lower portion of the placenta. The 
development of the pollen-tubes was so prominent that it could be recognized 
with the naked eye. After 13 days a subsequent growth of the ovary scarcely 
ocemred. 

2. Pollinated 5 days after bloom:—The promotion of the ovarial deve- 
lopment proceeded quite similarly, as in the preceding case. After 10 days 
we obtained the ovary corresponding in size to that pollinated the day of 
bloom. The normal-sized seed, produced in approximately the same amount 
as in the unpollinated ovary or twice as numerous, came nearly to maturity. 
However, as a distinction between the two ovaries, we found in the pollinated 
ovary still smaller ovules in abundance, giving an indication of developing 
into seeds, while in the unpollinated one the smaller ovules were in fact all 
obliterated. After 12 days the ovary remained in size as before. After 19 
days only a little growth of the ovary took place. It was still juicy and 
contained smaller and larger ripe seeds, larger in number than in unpollinated 
flowers. The production of seeds was, however, exceedingly scanty as com- 
pared with that in the capsule derived from the flower pollinated with the 
Bletia-pollinium on the day of bloom, in spite of the equally vigorous deve- 
lopment of the pollen-tube. 

3. Pollinated 6 days after bloom :—After 3 days, though slight, the 
promotion of the ovarial development was visible. After 5 days it became 
more prominent. After 7 days the size of the ovary was somewhat smaller 


1. Compare Experiment 7. 
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than the usual one, but it became 1.5 times larger in breadth and length 
than the unpollinated one. The larger seeds amounted in total to about 300 
in number, while the unpollinated ovaries in the same inflorescence developed 
only 50-60 larger seeds. The pollinium applied on the stigma, though its 
germination was evident, did not send out into the ovarial cavity so massive, 
mycelia-like tubes as seen in the case of the earlier pollination, showing that 
the development of the pollen-tube was inhibited in some way. After 11 
days the ovaries which did not show any subsequent growth were examined. 
All the ovules had shrunk entirely, except those developed into seeds which 
had already attained the adult stage. Their number scarcely exceeded that 
in the unpollinated ovary. Though few, the pollen-tubes were found apparently 
traversing the ovarial cavity. Here it was shown that the pollen-tubes have 
promoted the development of the ovarial wall, in spite of the amount of seed 
very slightly exceeding that in the unpollinated ovary. After 15 days the 
capsule approached the dehiscing stage under an unhealthy condition of the 
inflorescence axis. The capsule thus derived was slightly larger than that 
derived from the unpollinated flower. 


Results :—The stimulating action of the Bletia-pollinium on the ovarial 
and ovyular development in old flowers is largely diminished in spite of a 
vigorous development of massive pollen-tubes. However, the size of the 
resulting capsule and the number of ssed contained exceed those in unpolli- 


nated flowers. 


Taking the facts gained from the above experiments all together, we may 
arrive at the conclusion that, except the omission of the embryo formation, 
the flower pollinated with the Bletia-pollinium presents quite the same phase 
of development as with the Gastrodia-pollinium itself. Under favourable con- 
ditions the resulting fruit acquires the same structure and size as the normal 
one. Insufficient nutrition induces first the inhibition of development on the 
ovary and then interferes with the number of seed-developing ovules: while 
in the case pollinated with the (astrodia-pollmium itself it is the 
embryo that is least interfered with in development by the nutritive con- 
dition; the least influence of nutrition is shown in the present case in 
the seed-coat. 

The postfloral development induced by the Bletia-pollinium affords an 
example of the stimulative (WINKLER) or aitionomie (Frrrina) parthenocarpy, 
which results in the formation of a larger fruit than in the vegetative or 


autonomic. 
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2. INFLUENCE OF THE BLETIA-POLLINIUM UPON THE ACT or 
FERTILIZATION OF THE GASTRODIA-POLLINIUM. 


After learning in the foregoing that the pollinium of Biletia behaves quite 
similarly, except the act of fertilization, to that of Gastrodia, I eall attention 
to the point how the pollination by Bletia acts upon the fertilization induced 
by the Gastrodia-pollinium itself. Following the result of the ybrid- 
experiments in Nicotiana by G&rrner, Focoxr (81, p. 448) states, “ Der 
zugehorige Pollen vollzieht die Befruchtung schneller als fremder und erweist 
sich als allen wirksam, wenn er gleichzeitig mit anderen Pollensorten auf 
die Narbe gelangt. Auch noch nach Verlauf einer gewissen Zeit vermagz der 
zugehorige Bluthenstaub jede Wirkung des friher auf die Narbe gebrachten 
fremden zu verhindern, spiiter aber nicht mehr.” SrrasBurcer (’86) has 
already shown in Orchis-species that by applying both foreign and its own 
pollinia simultaneously to the stigma, the fertilization act of its own pollinium 
is not by any means arrested. On coming together upon one and the same 
stigma, two different pollens may give a mutual action in several ways. 
Theoretically it may be presumed that the period of germination and the rate 
of growth of the tube is concerned with the respective activity of the pollens. 

In the foregoing experiment it has already been ascertained that the 
Bletia-pollinium germinates on the stigma of Gastrodia and develops the 
pollen-tubes quite similarly, as the Gastrodia-pollinium does. So that, in 
studying the action of the Bletia-pollintum upon the Gastrodia-pollinium, it 
seemed to be of interest to follow out the events when both pollinia are 


applied at different periods on the same stigma. 


Experiment 17. 
Both pollinia were applied on the same day. 

Pollination was made on the day of bloom. 

After 3 days the ovary enlarged normally and the stigma showed a 
swelling, responding to the germination of the pollen. 

After 4 days the ovary presented the general feature as might be seen 
at the same period whén the Gastrcdia-pollinium alone was applied. The 
ovule showed the normal process of development: some oyules were fertilized, 
some not yet. 

After 5 days the ovary showed the normal growth. 

After 7 days the ovary became still larger; the ovule assumed mostly an 
oblong form, with a still smaller embryo. 
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After 9 days the ovary attained the size of a normally fertilized one. 

After 10 days the ovarial cavity was packed compactly with immature 
seeds. The formation of the testa was not yet completed. All seeds contained 
each an embryo, yet small. 

After 14 days embryogenic seeds matured, though not dried up. Capsule, 
though attaining the maximal size, was yet juicy. 

After 17 days the seed dried up, and became greyish and pulverous. 

After 20 days the capsule dehisced together with the normal capsule. 


On comparing with the fruit developed on the same inflorescence axis by 
applying its own pollinium alone, a remarkable difference was found in the 
number of oyules developing into the embryogenic seeds. While in the latter 
fruit the ovules, which were in greater part fertilized, derived a considerable 
amount of seeds all full grown, the fruit produced by applying both pollinia 
contained numerous small, sterile seeds; the normal embryogenic ones 
amounted only to 40-60 per cent. 

Both fruits were quite the same in size, but in one the normal seeds 
were less in number. This fact evidently shows that the Bletia-pollinium 
inhibits the fertilizing action of the Gastrodia-pollinium, but notwithstanding 
that, the development of the ovarial wall goes on quite normally. Here the 


lesser production of fertile seeds is supplemented by sterile ones. 


Experiment 18. 
The Gastrodia-pollinium was applied two days later than 
the Bletia-pollinium. 


The ovarial development proceeded parallel with that in the flower crossed 
by Bletia alone. 

Observed 6 days after pollination by Gastrodia, the ovule grew to an 
oval form with the corresponding growth of the integument. Attachment of 
the pollen-tube to the micropylar end was not observed. Perhaps no luxuriant 
germination of the Gastrodia-pollen took place. 

The observation on the succeeding days revealed the fact that fertilization 
was accomplished in some, but not in other ovaries. Thus, observed after 
10 days, the ovules in some ovaries were mostly fertilized and already deve- 
loped young seeds, which assumed the final form and the maximal size, but 
with the testa still incomplete and the embryo yet small. The embryogenie 
seeds were found uniformly distributed throughout the oyarial cavity. 

In another ovary, after 12 days, the number of ovules developing into 
cmbryogenic seed was found to be very few, amounting only nearly to 10 
per cent. Numerous ovules, however, survived, without obliteration at all, 
for developing into smaller sterile seeds. The ovary, having passed 14 days 
after pollination by Bletia, became maximal-sized, but on account of less 
fertility of the ovule it was not so thick as the ovary pollinated normally by 
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Gastrodia, though its length was nearly equal. After 18 days the capsule 
dehisced. 


In this experiment it becomes apparent that the DBletia-pollinium interferes 


with the activity of the Gastrodia-pollinium. 


Experiment 19. 


The Gastrodia-pollinium was applied 3 days later. 


After pollination by Bletia the ovarial development went on normally. 
Hence, at the time the (Gastrodia-pollinium was applied, the ovary had 
swollen in the usual degree. The effect of the latter pollinium varied with 
individuals of the ovary. 

Tn an ovary observed 5 days after pollination by Gastrodia, the ovules 
assumed an oval form all in similar size. No entry of the pollen-tube into 
the embryo-sac could be ascertained. 

Tn an ovary, after 7 days, the ovular development presented a great 
variation ; some ovules attained nearly the adult form of the seed, but without 
the completion of the testa, while some remained smaller. 

The development of the embryo in any oyule was obscure, only it was 
ascertained that larger ovules contained undivided eggs, pointing to the fact 
that no fertilization took place. 

In an ovary, after 8 days, most ovules lying just below the stigma 
developed into the embryogenic seed, but those situated at the lower portion 
of the ovarial cavity were by the greater part unfertilized, and were develop- 
ing into various-sized embryoless seeds. 

After 10 days (13 days after pollination by Bletia), the ovary attained 
the maximal size, but it was characterized in appearance by possessing a 
smaller diameter than that developed from the fertilized flower. ‘The maximal- 
sized ovules acquired the character of adult seeds, but all lacking the embryo. 
Such seeds amounted to 20-30 per cent. The remaining ovules were not 
quite obliterated and gave an indication of development ‘into smaller sterile 
seeds. The number of larger seeds produced in each ovary were not con- 
stant throughout all individuals : they amounted in other ovaries to 30-40 
per cent. As a striking feature, I could ascertain that in a similar-sized 
dvary the pollen-tubes ‘of Bletia developed more profusely, and then the 
number of ovules becoming larger, seeds exceeded the former. This seemed 
to show that the number of seed, developing due to the action of the Bletia- 
pollinium, is proportional to the number of the pollen-tubes and to their 
activity. In connection with this it was ascertained that, in spite of the 
variable number of embryoless seeds, the stimulus given by the bletia-polli- 
nium results in the formation of quite similar-sized capsules. 


From this experiment it may be concluded that the fertilizing action of 
the Gastrodia-pollinium is greatly disturbed by the preceding germination of 
the Bletia-pollinium, in as early as 3 days. Perhaps the massive tubes of 


Bletia, occupying the conducting canal of the gynostemium, hinder the passage 
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of the succeeding Gastrodia-tubes, or else the condition of the stigma becomes 


uifavourable for the germination of the Gastrodia-pollinium. 


3. THE POoLLENS OF OTHER PLANTS. 


Experiment 20. 


1. Coelogyne Massangeana (Orchidaceae) :—After 2 days the pollinium 
applied to the stigma of Gastrodia made a swelling; after 3 days the ovary 
appeared to become a little larger than in unpollinated flowers; after 4 days 
it grew as large as that pollinated with its own pollinium; after 6 days it 
scarcely showed a further srowth; after 8 days the pollen-tubes developed 
massively within the ovarial cavity and the ovary attained the 5-days stage 
of that pollinated with its own pollinium; after 10 days a further growth of 
the ovary was observed ; after 16 days the ovary was far smaller than the 
same-aged one pollinated with the Gastrodia- or Bletia-pollinitum. The number 
of the embryoless seeds was about twice as large as in the unpollinated 
flowers. After 17 days the formation of the testa was completed. After 19 
days no development of the ovary was visible. Unlike the case with the 
Bletia-pollinium the seeds were all equal-sized. Pollen-tubes were clearly 
recognized traversing among oyules throughout the cavity of the ovary. 

2. Oncidium flexuosum (Orchidaceae) :—Its pollinium apparently induced 
promoted growth to the ovary of Gastrodia, but in a less degree as compared 
with the case of the preceding orchid. Only a few pollen-grains germinated, 
but the entry of the pollen-tubes into the ovarial cavity was scarcely observable. 
As the plant died during the experiment I was not able to follow out the 
events further. 

3. Cypripedium caudatum (Orchidaceae) :—The pollinium applied to the 
stigma remained quite ungerminated, so that no action was recognized; the 
ovary presented a similar development as observed in unpollinated flowers. 

4. Lycaste Deppei (Orchidaceaz) :—The promoting action of its pollinium 
upon the ovarial development was presented first 6 days after pollination ; 
the ovary attained to the 3-4-days stage of that pollinated with its own 
pollinium. Hereafter a further growth of the ovary took placa, but less con- 
spicuous. The pollinium germinated a little, but the pollen-tubes were not 
found within the ovarial cavity. 

5. Lilium tigrinum (Liliaceae) :—The pollen-grains caused a swelling to” 
the stigma of Gastrodia. After 3 days they sent out short pollen-tubes ; 
after 10 days germinated grains increased in number, but there was no sign 
of penetration of the tubes into the ovarial cavity. 'The growth of the ovary 
went on similarly as in the wnpollinated flowers. After 17 days adult 
embryoless seeds were obtained in the same amount as in the unpollinated 
flowers. { 

Thus the germination of the Zilium-pollen on the stigma of Gastrodia 
took place with difficulty, and its effect upon the ovarial development was 
scarcely recognizable. : 

6. The pollens of other plants, viz. Polygonatum mulliflorum, Yuecu 
sp., Iris sibirica vax. orientalis, Antirrhinum majus, Digitalis purpurea, and 
Pinus densiflora did not have any influence upon the oyarial development. 
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After two or three days the stigma was blackened, being perhaps affected by 
the pollens applied. 


The above experiments show that the pollinia of several orchids exert 
more or less a developmental stimulus upon the ovary, in case they produce 
pollen-tubes. However, the developmental feature of the pollen-tubes being 
variable according to the species used, the promotion of the ovarial develop- 
ment presents a certain difference in degree. As a whole, the orchids used 


in the present experiment do not exhibit so conspicuous an action as Bletia. 


As to the nature of the promoting action of the Bletia-pollinium upon 
the ovarial development of Gastrodia I am not yet in a position to propose 
a definite view. However, when we refer to STRASBURGER’S (’86) conclusion, 
that the developmental stimulus of the foreign pollens upon the ovary 
of certain orchids is exerted only as long as the pollen-tubes derived are 
alive and only within the extent they spread, and when we take into 
consideration the effect of the pollens of other orchids, which have been 
mentioned above, we may come to the view that the prominent effect of the 
Bletia-pollinium is probably assignable to a luxuriant development of the 
pollen-tubes entangled in the ovarial cavity, and to their long durability. The 
massive development of the tubes is so prominent that we can recognize 
them with the naked eye as a bundle of fine silk fibres, when they pass 
through the conducting canal of the stigma, and the durability is so long 
that they remain yet active when the fruit maturation is over—eyen about 
30 days after germination’. As regards the behaviour towards the invading 
tissue I would like to compare the pollen-tubes under such conditions to 
parasitic insects or fungi, which produce characteristic galls upon their host 
plants, owing, as generally accepted, to their incessant exertion of stimulus. 


As to a weaker action of the pollinia of other orchids in this respect, it may 


1. The pollinium of Bletia hyacinthina, when applied to its own stigma, soon produces 
the pollen-tubes, which traverse a long gynostemium to reach the ovarial cavity. After a week 
they are found entangled among ovules, when the ovary swells a little and the ovules attain the 
archesporium stage. After a fortnight the ovules do not yet develop the embryo-sac. After 
about a month the ovary swells somewhat prominently and the ovules take on an oblong form 
with full-grown integument. Probably they are at the fertilization stage. The full size of the 
fruit is attained after three months and its maturation after four months (in October). 
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be probable that their affinity with Gastrvodia is not so intimate as exhibited 
by Bletia, or as to allow of their developing the tubes massively and vigorously. 
In fact the maximal size of the fruit developed under their action is smaller 
than under the action of the Bletia-pollintum. Such a small fruit may be 
obtained under the action of the latter pollimium at deferred pollination. In 
this case we observe that the pollen-tubes are less numerous and less vigorous 


than usual. 


IX. General Considerations on the Results of Experiments. 


The results of the experiments recorded in the foregoing have, taken 
altogether, a bearing upon many problems in a wide field of research. In 
taking a general view over them, it will be impossible to consider every 
phase of the subject, and in the following only the more important matters 


of general interest will be presented. 


1. ACTION OF THE POLLEN or POLLEN-TUBE ON THE OyuLAR 


AND OVARIAL DEVELOPMENT. 


OyuLE:—As already remarked, it has been known as a wide-spread 
character of the Orchidaceae that at the stage of pollination the development 
of the ovule is yet far from being ready for fertilization. Therefore, under 
ordinary conditions, the ovule is to proceed for further development while the 
pollen applied to the stigma germinates and sends out the pollen-tube into 
the ovarial cavity. The delay in the ovular development is often very strik- 
ing, as can be seen, for instance, from the statement of SHarpe (712) who has 
investigated the embryo-sacs of several different genera of the Orchidaceae, 
“Tn most of the species here reported the pollen tubes are found growing 
among the ovules before the prophases of the reduction division in the 
megaspore mother cell.” I have found quite the same thing in Bilelia. As 
evidenced by the pollination experiments it is generally believed that the 
pollen-tube acts as stimulant for inducing the further development of the 
ovules. HimpEBRAND (’63) first confirms it. GuIGNARD (’86) shows that the 
pollen-tube exerts a stimulus on the ovules without coming in direct contaet 


with them. As enforcing this fact, several authors, as already cited, succeeded 
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in promoting the ovular development in orchids by the action of the pollen 
from other species, genera, or families, which is of course incapable of ferti- 
lization. 

As recapitulated by Trscuuer (12, p. 65), the delay of the ovular deve- 
lopment is reported in several other plants (Betula, Alnus, Carpinus, Fagus, 
Corylus, Quercus, Hamamelis virginiana, Platanus sp., Colchicum autumnale, 
Magnolia Yulan, Fraxinus excelsior, Forsythia suspensa, Coffea liberica, ete). 
Vetser (12) confirms the same thing in Akebia quinata. Tn all these plants 
it has been considered as most probable that the pollen-tubes come into play 
for inducing the development of the ovule ready for fertilization, as already 
accepted by GorBEL (O01, p. 793). The general acceptance of this statement 
is now untenable. For, the study of Wotrerr (10, p. 57) on Alnus brings 
forth the result that a normal development of the embryo-sac takes place in 
unpollinated flowers. Faprr (’12), however, comes to contrary results in Coffea, 
finding the ovule to remain at the stage of the megaspore mother-cell if 
pollination is prevented. So that it is certain, that in some of the above 
named plants pollination is necessary and in others unnecessary upon the 
subject under consideration. 

In Gastrodia the ovule at the flowering stage shows the archesporium 
nucleus to be at the postsynapsis stage of the heterotype mitosis (Table ID). 
Hence the ovular development advances further than in other orchids studied 
by Swarr (12), in which the same stage is attained at the time the pollen- 
tubes are found distributed among the ovules, and by Pace (07) (Cypripedium), 
who finds the archesporium nucleus to be at midsynapsis at the time the 
flower is at full bloom. Still, it is true that Gastrodia accords in the delay 
of the ovular development with other orchids, suggesting an agreement in 
the subsequent development. However, the comparative study on the pollinated 
and unpollinated flowers brings forth the result that the delayed development 
of the ovule is not an indication for the need of pollination in ensuring the 
development of the embryo-sac. Indeed, in either the pollinated or the 
unpollinated case the ovule is able to attain to the fertilization stage in the 
same interval, generally 4 days after bloom. 

As regards the subsequent development of the ovule since the completion 


of the embryo-sac, the promoting action of the pollen-tube is clearly shown 
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by the crossing experiments with foreign pollen (Exp. 12). But it must be 
remembered that in Gastrodia the action of the pollen-tube is by no means 
absolutely necessary for the ovular development, because even the unpollinated 
flower is able to produce more or less numbers of the embryoless seeds. 
Hence, it may be considered that the action of the pollen-tube in question 
results in an increase in the amount of such seed. In this case, however, 
we see that the number of the seed-forming ovules varies on the one hand 
according to the vigour and the number of the pollen-tubes developing within 
the ovarial cavity, and on the other according to the available quantity of 
food for the growing ovules. These facts appear to show that the action 
of the pollen-tube may be understood as giving rise to the accumulation of 
the food materials within the ovary and as bringing the ovules to a better 
nutritive condition. 

On comparing the effect of pollination of old flowers with the Gastrodia 
and the Bletia-pollinium (Exp. 7 and 16), we find that the ovules becoming 
so old as to be incapable of fertilization lose the power of response to the 
growth stimulus exerted by the proper or foreign pollen-tubes. As the 
unsuccess of fertilization in such ovules may be assigned to an internal con- 
dition of the embryo-sac, under which the ege-apparatus is unable to attract 
the pollen-tube, I am inclined to think that the same condition renders also 
the sac incapable of reacting to the growth stimulus of the tube. According 
to this view, the promoted growth of the ovule, due, as is assumed, to the action 
of the pollen-tube, is interpreted as a manifestation of the reaction of the 
embryo-sac to a certain stimulus exerted by the tube. The stimulus impinged 
upon the embryo-sac brings about the retension of its activities longer than 
otherwise, on account of which the nutrition of the sporophytice tissue of the 
ovule can be maintained so long as to ensure its full development into the 
seed-coat. 

Ovary :—In orchids the pollen-tube is considered by several authors as 
exerting a developmental stimulus upon the ovary. HimpEBRAND (’63, p. 337) 
has shown that the pollen-tube, whatever portion of the ovary it comes in 
contact with, may cause the promotion of growth throughout the ovary. Ac- 
cording to GUIGNARD (86), the ovary is stimulated to growth by the pollen- 


tube, already at the time the gynostemium is completely penetrated by it, 
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affording an evidence for the view that the action of the tube comes into 
play without its direct contact with the. ovary itself. Firrmae (09, p. 68) 
regards it probable that a swelling of the ovary may be caused by the action 
of ungerminated pollens, by a substance present outside them. STRASBURGER 
(86) reports that a swelling of the ovary takes place prominently at the 
portion, with which the tubes of the foreign pollen come in contact, in lesser 
degree at the remoter portions. The effect of pollination, so far reviewed, is 
related to the prefertilization stage. At this stage the ovarial development 
accompanies the ovular development. It is, therefore, not conclusive whether 
the promotion of the oyarial development is due to the direct action of the 
tube, or if it is an accompanied phenomenon to the promoted development 
of the ovule, which is believed to be caused by the action of the tube. 

It is almost general that the size of the fruit depends largely on the 
number of the ovules that are fertilized and develop into seeds, and of 
interest is the fact that at the side where the seed formation is depressed 
the fruit is less thickened (MUtter Tuurcau, ’08; Ewerr, 706, ’08; 
Massart, ’02). This shows clearly the dependency of the ovarial development 
on the ovular development. In the aitionomie parthenocarpy the fruit can 
grow up to the normal size, but as Frrrme (’09 a, p. 202) already noticed, the 
ovules do not remain in most cases undeveloped, “entweder sind sie nach 
geringer Volumzunahme geschrumpft, oder sie sind stark gewachsen und die 
Samenschale ist in geringerer oder grésserer Vollkommenheit mit ihren 
anatomischen Eigenttmlichkeiten ausgebildet worden” (cf. TiscHER, ’*12). In 
the pollinated flower a strong development of fruit independent of a larger 
number of seed was reported by v. TscHerMaKk (’02) in the pollination 
experiments in Cheiranthus. He found that the fruit produced by xenogamy 
is larger than that produced autogamously (p. 15), in spite of the smaller 
amount of the seed developed. But, as he remarked, this is not con- 
stant. 

The instance of the development of the fruit-wall without the accompany- 
ing ovular development can be found in parthenocarpy (see TiscHLER ’12). 
But here no action of the pollen-tube is concerned. Regarding a similar 
case of development in connection with the action of the pollen-tube our 


knowledge is yet inadequate. 


EXPERIMENTAL STUDIES ON THE EMBRYONAL DEVELOPMENT, ETC. 89 


An attempt has been made in Gastrodia to elucidate this point. The 
related data brought forward by several experiments are as follows : 

1. Its own pollinium gives rise to the capsule, whose size corresponds 
to the number of the seed. 

2. Old flowers pollinated with their own pollinia produce capsules ex- 
ceeding only a little in size, and also in amount of the seed contained, 
those obtained from the unpollinated flowers (Exp. 7). 

3. Pollinated with their own pollinia, the flowers which have been 
previously pollinated by Bletia produce full-sized capsules, in which the seed, 
embryogenic and embryoless, is smaller in amount than in the normal 
capsule (Exp. 17-19). 

4. The pollen-tubes do not promote the oyarial development, if all the 
ovules are injured at the time of pollination (Exp. 11). 

5. The Bletia-pollinium introduced into the ovary results in the forma- 
tion of a normal-sized capsule, though the amount of the seed contained may 
be smaller than otherwise (Exp. 15). 

6. Old flowers pollinated by Bletia give rise to capsules much smaller 
than the normal ones; in this case the amount of the seed is proportionally 
decreased (Exp. 16). 

Thus the promotion of the ovarial development in the pollinated flowers 
always accompanies the seed formation of a larger or lesser number of ovules. 
Pollination into the ovary with foreign pollen (case 5) appears to show that 
the ovarial growth is proportional to the vigour of the pollen-tube rather than 
to the amount of the seed. It happens, though seldom, that the capsule obtain- 
ed from the pollinated flower under certain conditions is only a little larger 
than that from the unpollinated flower, in spite of a nearly equal amount of 
the seed contained. However, these facts are not sufficient to justify the 
belief that the ovary may be promoted fin development by the action of the 
pollen-tube independent of the ovular development. Referring to the case 4 


aboye mentioned, the ovary appears to depend on the ovule for its growth. 


2. CORRELATION BETWEEN THE DEVELOPMENTAL PHASES DURING 
THE FRurr FORMATION. 


The normal fruit formation in the fertilized angiospermous flowers involves 
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several developmental changes. Confining ourselves to the ovary, they occur 
in association among themselves, under ordinary conditions, in the oyarial wall 
for the fruit, in the sporophytic tissue of the ovule for the seed, and in the 
embryo-sac for the embryo and endosperm. As to how they relate to each 
other, we must attempt first of all to analyse by experimental studies the 
mtire phase of the fruit formation into its components. In Gastrodia the 
development of the endosperm is quite suppressed, and the chief components 
to be considered are attached to the ovarial wall, the ovular tissue, and the 
embryo. The dependency or independency of their development on each 
other, as far as ascertained by experiments, will be seen in the following : 

1. Fruit, seed, and embryo all normal: when normally fertilized and 
subjected to normal conditions. 

2. Fruit and seed quite normal, but embryoless: when pollinated with 
Bletia-pollinium under normal conditions. 

3. Small fruit and normal but embryoless seed: when unpollinated ; the 
number of seed is accordingly diminished. 

4. Imperfect or almost no fruit, but normal seed with embryo: when 
the normally fertilized flower is separated from its nutritive connection. 

5. Imperfect or almost no fruit, and nearly normal but embryoless seed : 
when the unpollinated flower is parted from its nutritive connection ; the 
number of seed is exceedingly diminished. 

6. Imperfect or almost no fruit and seed, but almost normal embryo: 
when the fertilized flower is subjected to an extremely unfavourable condition 
of nutrition. In this case the typical integument is quite suppressed in 
development and the ovular tissue developed previous to the fertilization stage 
partakes the formation of the imperfect seed-coat. 

The other combinations, viz. the normal fruit without the seed and 
embryo, and the fruit with the embryo but without the seed, are not pro- 
ducible. 

From the above we see, that the embryo does not require during its 
development the accompaniment of the normal development of the oyarial 
wall and the sporophytic ovular tissue and that the seed-coat alone can 
develop completely, independent of the formation of the embryo, or of the 


normal development of the fruit-wall. But it must be remembered that a 
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nutritive condition which renders the development of the fruit-wall unfavourable 
may bring about a small amount of embryoless seed. 

In the process of fructification the embryo is placed in the first rank for 
development; if the nutritive condition is favourable, it accompanies the 
development of the seed-coat and fruit-wall ; if not, only the latter portions are 
in high degree retarded in development. A. similar relation may exist between 
the fruit-wall and the embryoless seed; under the condition which induces 
most ovules to develop into embryoless seeds the fruit-wall develops most 
vigorously; under an insufficient supply of nutritive substances the number of the 
seed-forming ovules is diminished, and in this case the fruit-wall is sacrificed 
for development ; in the extreme case of an insufficient nutrition both the fruit- 
wall and a larger number of ovules are suppressed in development, thereby 
supplying limited nutritive material to a few ovules, enabling them to form 
seed. It may be ascribed to such mutual relations, that in Gastrodia the 
normal-sized fruit without the seed and embryo, or with the embryo but 
without the seed, cannot be obtained. The development of the fruit-wall 
alone under entire suppression of the ovular development is found in some 


instances of the habitual parthenocarpy. 


3. PARTHENOCARPY. 


Tn Tiscuter’s careful critical enumeration of parthenocarpic plants men- 
tion has not been made of the Orchidaceae. However, as he says (p. 62), 
Focke (81, p. 480) reports the formation of an externally well-developed but 
seedless fruit in some bastard orchids. TiscH~er (p. 65) further states, 
“Die Moelichkeit eines relativ leichten ,, Fruchtungsvermogens “ wird von 
GArtner fiir die Orchideen ganz allgemein,...., angegeben.” According to 
TrEUB ('83), the ovary of Liparis latifolia undergoes a fruit-like swelling 
when attacked by an insect larva (Firrinc, ’09a, p. 235, mentions that a 
similar case is given by Forpes in Calanthe). From these facts it appears 
that the parthenocarpy in the Orchidaceae is known since older times, though 
a detailed account of its true nature has not been given. As Gastrodia 
offers a good example of parthenocarpy among orchids, I shall here record a 
somewhat detailed account of this mode of the fruit formation. 


In Gastrodia parthenocarpy cannot be said to be habitual, since its male and 
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female gametophytes show a quite normal development, ensuring fertilization 
and the normal fruit formation. But as an interesting fact, unpollinated 
flowers are by no means incapable of fruit formation. Their ovaries are 
always persistent as long as those of fertilized flowers, or rather still longer, 
meanwhile the necessary developmental processes are going on. On account 
of the smaller size the resulting fruit cannot be placed in the same rank as 
that derived from the fertilized flower, but in general features the ovarial 
wall acquires the nature of the wall of the typical fruit. The fruit nature is 
further enhanced by the development of some ovules into embryoless seeds, 
haying a seed-coat of the usual structure. In the seed-producing species of 
banana d’ANGREMOND ('14) has recently confirmed that the ovary of an un- 
pollinated flower persists on the axis, without showing any growth, but 
acquiring the nature of a mature fruit a little earlier than the normal fruit. 
Whether it can be looked upon as an instance of parthenocarpy is doubtful, 
as, unlike Gastrodia, it does not produce seed. 

Tn studying parthenocarpy our attention is at present drawn to its causal 
relation. The formation of the embryoless fruit without agency of any 
external factor is denoted as the vegetative (according to WINKLER) or autonomic 
(according to Frrrm@) parthenocarpy. We distinguish from it the stimulative 
(WINKLER) or aitionomie (Frrrryc) parthenocarpy, as being induced by the 
stimulus of pollen or any other agent. As will be seen in TISCHLER’s 
recapitulation, numerous instances of parthenocarpy hitherto recorded were 
not precisely investigated, and but little attention has been paid as to whether 
both autonomic and aitionomie parthenocarpy is possible or not in one and 
the same plant. Recently d’ANGREMoND (’14, p. 68) made an experiment on 
this subject with banana. He pollinated the flower of a habitually autonomic 
parthenocarpic form with the pollen of other seed-producing forms, but he 
could not ascertain a developmental stimulus of the pollen at all, as both 
unpollinated and pollinated flowers yielded quite similar-sized fruits. The 
case is different in Gastrodia. The parthenocarpy is induced both autono- 
mically and aitionomically, but the size of the resulting fruit presents a great 
divergence: the aitionomie fruit derived by crossing Blctia attains to a size 
as large as the normal one, while the autonomic fruit is remarkably smaller. 


Subjecting flowers to different nutritive conditions we may obtain the 
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paurthenocarpic fruits in various sizes. Variation in size is by no means a 
strange feature in normal fruits, as already experienced by gardeners. The 
point of interest in this connection, as far as it concerns parthenocarpy, 
is that under the same external condition the fruit produced autonomically is 
smaller than that produced aitionomically, even under the most favourable 
condition. 

As to how both kinds of the parthenocarpie fruit display such a difference, 
further extended researches would reveal perhaps interesting facts. As a tenta- 
tive view I can express it at present as follows: in the autonomic case the 
nutritive material, at the expense of which the ovary can grow, is accumulated 
passively, so that the presence of a surplus amount of it in the entire plant 
body would favour the formation of a larger fruit than otherwise (Exp. 3) ; 
but in the aitionomic case it is accumulated actively; in other words, a 
stimulus upon the ovary acts as withdrawing the nutritive material in the 
ovary from the store house; this may submit the ovary to better nutrition. 

As regards the parthenocarpic development by the foreign pollen 
two points may be worthy of consideration. First, the size of the resulting 
fruit may depend on the intensity of the stimulus. This is evidenced by the 
experiment with the Bletia-pollinium : pollinated the day of bloom, the polli- 
nium sends out massive tubes, leading the fruit to maximal growth, but the 
delayed pollination brings about a feebler development of the tube, perhaps 
owing to a certain modified condition of the stigma, and consequently smaller 
fruits result. Further, the pollinia of other orchids yield smaller fruits than 
the Bletia-pollinium, in conformity with the feeble development of the pollen- 
tubes. Secondly, it may be most probable that the size of the fruit correlates 
with the duration of the stimulus acted upon. The product of the normal- 
sized fruit by crossing Bletia appears to be due to the longevity of activity 
of the pollen-tube, remaining alive and vigorous far beyond the period of 
maturation of the fruit, and thus exerting the stimulus unceasingly upon the 
ovules and ovary throughout the interval of their complete development. 
Whether this assumption is correct or not, will be decided by the results of 
experiments with Gastrodia or other plants crossed by certain germinative 
foreign pollens, which are able to promote ovarial growth, and whose 


tubes are short-lived or long-lived with respect to the maturation period of 
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the fruit. That the prosecution of such experiments is highly desirable will 
be conceived, when we look over the results of investigations by previous 
authors on the promoting action of several agents upon the ovarial growth. 
To give instances from the Orchidaceae, HinprEprann’s and STRASBURGER’S 
cross-experiments with foreign pollens have shown the swelling of the ovarial 
wall in so far as the pollen-tube came in contact with it. According to Srras- 
BURGER (86), the promoted growth of the ovary of Orchis Moris and O. 
mascula, when crossed by Fritillaria, is observable only as along as the tube 
remains alive. His failure of getting the mature fruit appears to me due to 
an earlier cessation of the stimulating action with respect to the interval 
needed for maturating the fruit. As Himprpranp (cited from GurcNarp, ’86) 
reports that fertilization takes place in Orchis mascula 28 days after pollina- 
tion with its own pollinium, it is likely that in SrrasBureER’s experiment 
the combination of short-lived pollen-tubes and a slowly developing ovary 
has been made. 

In this connection Frrrixe’s ('09 b, *10) very elaborate and highly sug- 
gestive experiments on orchid flowers are of special interest. He analyses 
the action involved in pollination into that caused by the pollinium itself and 
that caused by the pollen-tube. According to him, the chemical substances 
attached to the surface of the pollen-grains exert a stimulating action upon 
several floral organs and, in certain species, may cause an exceedingly slight 
swelling of the ovary. He further confirms that the stimulus of the pollen- 
tube inducing the growth of the ovary is different from that exerted by the 
extract of the pollinium when applied to the stigma, and that its effect, 
whether the pollen taken is from other genera or families, is more remark- 
able than that of the pollen extract. Agreeing with Hi~pEBRAND and 
STRASBURGER, the action of the pollen-tube is exhibited when it penetrates 
into the ovary. As to whether the stimulus exerted by the tube is of a 
chemical nature or not, he leaves for a future investigation: “Der Einfluss 
der Pollenschliuche bleibt ein Problem fir sich, das besonderer Untersuch- 
ungen bedarf” (’10, p. 258). As far as observed in (astrodia, we are led 
to the view that the ovarial development is correlated with the embryogenie 
development of the ovules when the tube of its own pollinium is concerned, 


but when it is induced by the foreign pollen-tube, it is likely comparable to 
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the gall formation by the action of fungi or insects. So that, though the 
kind of the stimulus is unknown, whether chemical or mechanical, we may 
ascribe the resulting effect to an incessant stimulus of sufficient intensity. 
This is another problem, I believe, attached to the action of the pollen-tube 
and to be answered by further extended experiments. 

On several fruit trees Ewert (07, ’08, 09) and Miter Tureau (’08), 
after carrying out repeated experiments, succeeded in obtaining facultative 
parthenocarpic fruit. As for its aetiology both authors arrived at the same 
conclusion, that the fruit formation in question correlates with the amount of 
nutritive substances in the mother plants, which can be supplied to the 
fruit. It was evidenced by the fact that, when in all the flowers of an entire 
individual plant pollination was prevented or when the unpollinated flowers 
were situated beyond the region of ringing (“ Ringelung”) of a branch, 
they were disposed to effect parthenocarpy. Of dependency in the growth of 
parthenocarpic fruit of Gastrodia on the nutritive condition I agree with 
Ewert and Mitter Tsuraaus’ view. But as regards the causal relation 
between the nutritive condition and parthenocarpy, G'astrodia does not accord 
with the plants studied by the two authors. For, in Gastrodia the unpolli- 
nated flowers are accustomed to produce the capsule, though small, under any 
condition, and this inherent character is expressed more pronouncedly when 
the nutritive condition is more favourable. 

Tn the strict sense of the word, parthenocarpy is concerned with the 
development of the ovarial wall into fruit. But as we have pointed out before, 
there exists an intermediate relation between the ovular and ovarial develop- 
ment. 'TISCHLER’S (’12) cytological studies on the parthenocarpic fruits in Angio- 
sperms will clearly show how variable is the relation between the develop- 
ment involved in the ovule and that of the ovary: (1) in some plants the 
endosperm and seed-coat are formed; (2) in some only the seed-coat is 
formed ; and (3) in many others the ovules disorganize entirely, sometimes 
previous to the completion of the embryo-sac or immediately after. Gastrodia 
affords an example of the second class, and in this case my experiments 
brought forth the result that the parthenocarpic development of the ovary is 
dependent upon the ovular development and that the amount of the seed 


yielded governs in more or less degree the size of the capsule. Such relation 


95 S. KUSANO: 


between the ovule and ovary has been ascertained in the instances of 
parthenocarpy, as demonstrated by Ewerr (09, p. 837), “dass das bessere 
Fruchtungsvermégen der Birne zum Teil auf der leichten Entwicklungsfihigkeit 
der unbefruchteten Eiknospe beruht.” 


4. POLYEMBRYONY. 


A frequent derivation of the embryo from a synergid is known in 
several plants (cf. Ernst, ’88; CouLTeR and CHAMBERLAIN, 03). In parthe- 
nogenetic plants it is evidently produced asexually (for instance, Alchemilla, 
Murpeck, ’02; Burmannia, ERNsT and BERNARD, 12), but in ordinary plants, 
in which the ege needs fertilization on developing into the embryo, the 
synergid embryo is also considered as the product of the sexual act, without 
any convincing proof in all the cases. As to under what conditions the 
development of such adventitious embryos is induced, nothing definite has 
hitherto been reported. 

In the Orchidaceae it has been reported by SrraspurGER in 1878 that 
Gymnadenia conospea often produces two embryos in a single embryo-sac, 
probably one of them being derived from a synergid, according to COULTER 
and CHAMBERLAIN (’03, p. 217), either apogamously or by fertilization. 

In Gastrodia polyembryony is exhibited exclusively in the fertilized ovule. 
This is evidenced by the presence of the pollen-tube within the sac, or, if not, 
of a hyaline mass, originated from the disorganized tube and synergid. This 
fact prevents our concluding that polyembryony might have connection with 
the parthenogenetic development of the egg. In the whole aspect it is clear 
that one of the two embryos is derived from the fertilized egg. As to the 
other embryo, its position and general form point to its origin as a 
synergid (Fig. 108). Whether it has been derived by fertilization or not, 
however, is difficult to state with certainty, as neither the fusing stage of the 
gamete nuclei’ nor the chromosome number of the embryo could be followed 
out. Probably fertilization took place. At first both proembryos assume quite 
the same shape (Fig. 108); afterwards one of the two suspensors elongates 
more than the other and makes the two embryos arrange in longitudinal 


1. Only once I observed a synergid which gave the appearance as if invaded by a male 
nucleus. 
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order (Fig. 109). They both undergo further development until matura- 
tion. 

The occurrence of the synergid embryo is exceedingly rare in flowers 
pollinated at the due time. Among about 25 young fruits carefully examined 
only 3 were found to contain the polyembryonic seed, but its number in a 
single fruit did not exceed more than one per cent. of the seeds. On the 
other hand, it oceurred almost regularly when pollination was delayed for 3-4 
days (Experiment 7). However, even in this case the polyembryonic seeds 
were comparatively few in number; at most they amounted to 5 per cent., 
while usually only 1-2 per cent. of the seeds of a single fruit contained 
two embryos. From this fact I conclude that the delay of pollination tends 
to give rise to polyembryony’. 

As regards the determining condition of polyembryony the experimental 
data do not yet offer sufficient evidence for the advancement of any accept- 
able view. Provisionally I may be allowed to make the following considera- 
tion : 

We have already shown that in flowers pollinated on the day of bloom 
the ege-apparatus becomes organized, just ready for fertilization after 3-4 
days. When pollination is delayed for 3-4 days, fertilization must be 
postponed for the same interval. It may be assumed that the ege@ ap- 
paratus undergoes a certain modification in the act of fertilization during this 
interval. At what internal state in this case the synergids just at the period 
of entry of the pollen-tube are, we are scarcely able to know. However, 
about the mechanism which causes one of the synergids to develop into an 
embryo, it may be presumed that its nucleus becomes simply incapable of 
slipping out from the cell to migrate down for approaching the pole nucleus, 
and hence it is in the state to receive the male nucleus at its proper posi- 
tion. In Gastredia, differing from other plants which develop the usual 8- 
nucleate sac, the synergid nucleus is endowed with the property to fuse with 
both the male and the pole nuclei, so that the supposed condition under 

1. This statement is kased on the observation of the material obtained in 1912-1014. 
To furnish reliable material for comparison one set of flowers was pollinated on the day of 
bloom and the other set in the same inflorescence was pollinated on the same day when 


opened 3-4 days previous to those of the former set, or 3-4 days later when opened on the 
same day as those of the former. 
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which the synergid nucleus loses the power of motion may be looked upon 
as the first impetus to the development of the synergid embryo. How this 
power is lost, is a point needing further consideration. As a fact, however, 
we may state that the power of motion of the synergid nucleus is first dis- 
played, in normal condition, when the pollen-tube liberates the male nuclei. 
Tf the entry of the tube does not take place, the synergid remains intact for 
a certain period and then begins to degenerate with the nucleus enclosed. 
This fact lends support to the view that the synergid becomes after a 
certain period incapable of shedding its nucleus, even though the pollen-tube 
enters the embryo-sac. It may also be conjectured that the synergid nucleus, 
while attaining this stage, is becoming inactive for fusion with the male 
nucleus. The chance of liberation of the male nucleus just at the critical 
period, at which the synergid nucleus becomes incapable of slipping out from 
the cell but yet retains the fusing activity, would be exceedingly rare. That 
in fact only a small percentage of the ovules produce the synergid embryo, 
is thus explained. 

The above assumption may also be applicable to explain the still rarer 
oceurrence of the synergid embryo in flowers pollinated on the day of bloom. 
Although the majority of the ovules completes the embryo-sac nearly 
simultaneously, just at the time the pollen-tube is ready for fertilization, that 
is, 8-4 days after pollination, there may occur, as already mentioned, a com- 
paratively few ovules that advance further in development than others (see 
Table II) and complets the embryo-sacs 2-3 days earlier. These early com- 
pleted embryo-sacs must wait for the pollen-tubs, as do most sacs in the case 
of delayed pollination. 

In the polyembryogenie sac we find a single nucleus corresponding to 
the endosperm nucleus, even when the embryos attain to the multinucleate 
stage (Fig. 109). Normally it is the product of triple fusion, but in the 


present case it is really the pole nucleus itself, since here the two nuclei for 


triple fusion—the synergid and the male nuclei—behave otherwise, and the 
other synergid nucleus, which is to degenerat2: in the usaal case soon after 
the entry of the pollen-tube, doss not seem to fuse with the pole nucleus. 
In consequence, the polyembryogenice sac cannot produce the trae endosperm 


nucleus. It is interesting that here the pole nucleus can remain intact even 
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6 days after pollination, as far as observed, in other words, till the period 
when the embryos attain a multicellular stage: certainly it would behave 
quite similar to the true endosperm nucleus, if it were to take some part 
in the activities of the embryo-sac. 

It may be remarked that the behaviour of the synereid in the 4—nucleate 
embryo-sac, as observed in Cypripedium and Gastrodia, is different from that in 
the usual 8-nucleate embryo-sac, especially as regards the fusing activity. Hence 
it would appear that the hypothesis advanced, relating to the condition of 
the development of the synergid embryo in the casa of the 4nucleate sac, 
permits no application on the same phenomenon often “observed in. the 8- 


nucleate sac. 


5. THe Empryo-Sac IN THE OVULE DEVELOPING INTO THE 


EXMBRYOLESS SEED. 


It has been shown that almost all ovules in a flower, whether pollinated 
or not, go to complete the embryo-sac after certain days of bloom. If ferti- 
lization is prevented, most sacs disorganize ultimately. This process begins 
with the independent obliteration of cells composing the ege-apparatus or of 
the pole nucleus; at first the synergids obliterate themselves in some sacs, or 
the pole nucleus in others. The obliteration of cells or nuclei in the sae is 
a phenomenon often observed, independent of pollination or fertilization, as 
it takes place soon after the completion of the embryo-sac or even a little 
earlier. It brings about the shrinkage of the sac and the accompanying 
shrinkage of the ovule itself, arresting its subsequent development. On the 
other hand, in the surviving ovules, which continue the further growth, we 


always find intact sacs. Accompanying the ¢ 


Do 


rowth of the ovule the egg-cell 
often enlarges with an increase of plasmic contents, and the pole nucleus is 
found to have a pronounced reticular structure and sometimes 2-3 nucleoli, 
showing a high activity, while the synergids appear somewhat shrunken. 
As far as ascertained in microtome sections, such a character of the sac is 
maintained for 12 days after bloom, while the ovular development is yet far 
from completion of seed. After 14 days, when the surviving ovule develops 
into a seed still immature, we can find the ege-cell and pole nucleus. still 


alive in the spacious cavity of the sac. 
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From this fact it is almost certain that the capability of the unfertilized 
ovules of developing into embryoless seeds is intimately connected with the 
retaining activity of the embryo-sac. As to the causal relation of the ovular 
development and the survival of the embryo-sac, one might infer that the 
condition which causes the ovule to survive and to continue its further growth 
may bring about the survival of the sac. In d’ANGREMOND’s (714) study on 
banana the growth of the ovules is observed after the obliteration of the 
embryo-sac at any developmental stage. As far as my observations extend, 
there cannot be found any ovules that are able to grow without the intact 
sac, and, as mentioned aboye, the first sien of obliteration of the ovule occurs 
in the sac. This would show that the growth of the unfertilized ovule 
depends on the condition which enables the sac to remain alive. 

In a mature parthenocarpie fruit we find ripe seed of various degrees in 
size. This will show the nutritive variations among the growing ovules in so 
marked a degree, as we are unable to find in the fertilized ovules under 
normal conditions. The variation is emphasized when the ovules are subjected 
to an insufficient nutrition, equally in fertilized and unpollinated flowers. 
Thus in the ease of the aitionomic parthenocarpy the most favourable con- 
dition of nutrition renders possible almost all embryoless seeds to attain the 
normal size. When the nutritive condition is unfavourable, the number of 
seed is much diminished, the less the number, the more unfavourable the 
condition. In the latter case the strugele for existence occurs among the 
seed-forming ovules, some being unsuccessful in forming seed, some deyelop- 
ing smaller seeds, while the most vigorous ovules succeed in the formation of 
full-sized seeds. All the seeds in the same capsule, whether smaller- or full- 
sized, come to maturity at the same period. They have been derived from 
ovules containing the embryo-sacs all alive, and the nutritive activity of the 
embryo-sac, or rather, in my opinion, of the pole nucleus, would haye been 
of variable intensities, with which the size of the resulting seed may corre- 
late. 

In fertilized flowers we always find a certain number of unfertilized 
ovules, even under the most favourable condition. Also the parthenocarpic 
fruits, developed under favourable conditions, contain a certain number of 


degenerating ovules incapable of seed formation. Such a feature of the ovular 
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development would be of special interest, if we take into consideration the 
fact that the chromosome reduction is omitted in some ovules. It is almost 
certain that the diploid egg cannot effect fertilization or derive the partheno- 
genetic embryo. In consequence, the ovule possessing the diploid ege is not 
able to develop a seed in the normally pollinated flower. As an analogous 
case VEITCH (’88) reports in Cattleya labiata var. Morsiae the regular occurrence 
of a certain number of sterile ovules (about one half). In the case of the 
unpollinated flower it may be supposed that the survival of many ovules is 
assigned to the omission of the chromosome reduction, while the obliteration 
of other ovules is connected with its occurrence. Theoretically this may be 
highly probable. If we accept this assumption, it should be possible that the 
seed-forming ovules in the unpollinated flower represent the degenerating 
ones in the pollinated flower. Unfortunately, convincing evidence for this 
relation is not obtained from observations, since the number of the ovyule to 
derive the embryoless seed in the unpollinated flower and to degenerate in 
the pollinated one presents individual variations. As far as my observations 
go, Iam rather inclined to the view that in the pollinated flower the 
ovules having the diploid eg@ are all obliterated, and in the unpollinated 
flower the embryoless seeds may originate not only from these ovules but 
from those having the haploid egg as well. As we have already explained, 
it is sufficient that for seed-formation the embryo-sae of the unfertilized oyule 
remains intact for two weeks or a little longer. As most embryo-sacs in the 
unpollinated flower are yet alive after a week of bloom, the surviving and 
degenerating ovules appear, as shown by the experiments and observations, 
to be differentiated at about this period or one to two days later. Among 
these surviving ovules the embryo-sac containing the haploid ege@ is found, 
maintaining its activity for a few days more (see Experiment 3). In the 
fruit produced by crossing Bletia the amount of seeds is often too large to 
assume them all to haye been derived from the oyules having the diploid 
ego. These facts give evidence for the view that the ovule possessing either 


the haploid or diploid egg is able to develop into the embryoless seed. 


6. PARTHENOGENESIS. 


In Angiosperms the habitual parthenogenesis (apogamy according to 
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STRASBURGER) usually accompanies more or less disturbance of the microspore 
development (WINKLER, ’08, p. 384; SamaTa and Miyake, 08; Osawa, ’13). 
As exceptions, however, Thalictrum purpurascens, Hieracium aurantiacum 
(apospory), and Atamosco (Pace, 13) produce normal pollen-grains. In con- 
nection with this the female sex often undergoes no complete adaptation to 
apomixis. According to OverTon (02, 04), Thalictrum purpurascens develops 
both haploid and diploid eggs, and by pollination only the haploid egg is 
fertilized to produce the embryo, while the prevention of pollination gives 
rise to the parthenogenetic development of the diploid egg. 

It has been pointed out that in Gastrodia the pollinium functions quite 
normally, but no less numbers of the embryo-sac are derived from megaspores 
having the diploid number of chromosomes. In this respect the gametophytic 
development in Gastredia presents quite the same peculiarity as in Thalictrum. 
We may now presume @ priori the possibility of both apomictic and 
amphimictie development of the embryo. But my observations and experi- 
ments brought forth a contrary result. In nature the embryo development is 
exclusively amphimictic. If pollination is prevented, no embryo develops, 
though the sporophytic tissue of the ovule may undergo the normal develop- 
ment. It may be conceived that some of the embryo-sacs are most probably 
ready, as regards the nuclear feature, for the somatic parthenogenesis (ac- 
cording to WINKLER), but the accommodation of other characters does not 
advance so far as to realise it. 

Tn the somatic parthenogenetic fruit the development of the diploid egg 
into the embryo accompanies the complete development of the sporophytic 
tissue of the ovule. This points to a close affinity between parthenocarpy 
and parthenogenesis; indeed parthenogenesis belongs to the category of 
parthenocarpy, as maintained already by Nown, showing the embryogenic 
parthenocarpy.  Wikstroemia investigated by WINKLER (’05) is a habitually 
parthenogenetic plant, but according to him, it appears incapable of produc- 
ing a typical parthenocarpic fruit, though a slight swelling of the ovary 
may take place without accompanying embryo formation. A somewhat 
reciprocal relation is shown in Gastrodia. Here parthenocarpy approaches 
parthenogenesis very closely in producing the perfect fruit-wall and seed-coat. 


It is remarkable that, though the embryo is wanting, the undivided egg is 
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able meanwhile to increase in size previous to its obliteration. A tendency 
towards the parthenogenetic development being thus conceivable, attention 
has been paid to the question whether multiplication of cells in the ege 
among the seed-forming ovules might occur. After a long search I was able 
to obtain a confirmatory fact. In the ovaries 6 days after pollination with 
the Bletia-pollinium, and also 11-12 days after bloom in the unpollinated stock 
(Experiment 3), I could find the egg nuclei in division. It must be remem- 
bered that the Bletia-pollinium is unable to fertilize, and the division must 
haye taken place in the unfertilized egg. The eggs in division were exceed- 
ingly few in number and only four slides showed the karyokinetic figures 
(Figs. 110 113), the most advanced stage I examined giving two daughter 
nuclei. 

Of several karyokinetic figures only three offered a very distinct view of 
chromosomes. The existence of the diploid egg indicated that the division 
was partaken of by such eges, exhibiting, just like Thalictrum purpurascens, 
the somatic parthenogenesis. But in fact a careful counting gave 8 or 9 
chromosomes, exactly the haploid number (Figs. 110, 111). Although the 
material was scanty, it was sufficient and reliable enough for estimating the 
exact number of chromosomes with accuracy. Notwithstanding, I do not like 
to preclude the idea of the possibility of the parthenogenetic division in the 
diploid ege, but the evidence at hand leads us to conclude that the haploid 
ege alone is able to proceed for the parthenogenetic development. This 
concerns the true parthenogenesis (STRASBURGER) or the generative parthe- 
nogenesis (WINKLER) caused facultatively. 

Generally, the parthenogenetic ege is smaller than the fertilized one, and 
also the karyokinetic figure is correspondingly smaller (compare Figs. 103 
and 110-113). The direction of the spindle may be longitudinal, transverse, 
or oblique (Figs. 110, 112). 

In Monotropa uniflora Surpava ('02) observed in the unpollinated flowers 
the survival of a certain number of the embryo-sac, producing the partheno- 
genetic endosperm therein. Occasionally he found the division of an enlarged 
egg into two. Though no account of the number of chromosomes was given, 
it can scarcely be doubted that the egg nucleus was haploid. In studying 


the parthenocarpie development in Ficus Carica, Tiscuter ('12, p. 19) found 


104 S. KUSANO: 


one of the unfertilized eggs, usually assuming an enormous size, in nuclear 
divisions (deriving 132 nuclei). As he noted, evidence of the haploid nature 
of the ege was lacking, but he considered it highly probable, as presenting 
a case of the generative parthenogenesis. Thus in Monotropa, Ficus, and 
Gastrodia I find a certain similarity in the condition of the egg-cell which 
undergoes the parthenogenetic division ; its hypertrophied appearance seems 
to point to its being under the condition of excessive nutrition. 

The haploid egg in such an abnormal development is incapable of deriving 
the parthenogenetic embryo. As an interesting fact, the nuclear division does 
not accompany the cell division. In Gastrodia two eggs were found to 
possess two resting nuclei, which appeared to have passed far beyond the 
telophase stage; no limiting wall, however, was formed between. This ac- 
cords with the case in Ficus Carica. Tt is interesting to note that the egg- 
cells of Orchis Morio, which is fertilized, according to STRASBURGER (°86, p. 
62), by O. fusca, undergoes the nuclear division, but not the cell division. 

Now referring to other orchids I call attention to the so-called “ false 
hybrid ” (after Mrmiarper’s meaning) in Zygopetalum. According to Hurst 
(89, °03), it is characterised by the fact that the crossing of Z Mackayi by 
several other orchids produces the offspring proving to be Zygopetalum pure 
and simple. He proposes the view as an explanation of this character of the 
hybrid, that it shows a kind of parthenogenesis, the foreign pollen exerting 
stimulus upon the ege, but not effecting actual fusion between the sexual 
elements. As already remarked by WINKLER (’08), if parthenogenesis really 
occurs, the ege nucleus might be diploid. The oceurrence of both haploid 
and diploid eggs in Gastrodia and the promoting action of the foreign pollen 
on their development would appear to give a hint for the explanation of this 
peculiar phenomenon in Zygopetalum. Also several plants enumerated by FockE 


’ 


(81, p. 525) as performing “ pseudogamy ” would require cytological researches, 
in order to ascertain, whether the foreign pollen applied acts fertilizing or as 
stimulative upon the diploid egg for its parthenogenetic development. 

With reference to the parthenogenetic problem of Gastrodia, the most 
interesting paper of Pace (13) relating to the vegetative parthenogenesis of 
Atamosco, one of the Amaryllidaceae, should haye an important bearing. The 


pge is ascertained to contain the diploid number of chromosomes, and on 
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fertilization “two nuclei come in the sac with the pollen-tube, one fusing 
with the two polars, the other entering the egg but never fusing with it, 
and finally disintegrating during the first division in the ege” (p. 390). 
From such a unique conduct of fertilization we infer that the entry of the 
pollen-tube and eyen of the male nuclei into the embryo-sae is not always 
an indication of actual fertilization. In Gastrodia a question arises as to the 
relation between the diploid egg and the pollen-tube. Supported by the fact 
found by Paces, it is not quite impossible to conceive that the diploid ege of 
Gastrodia might perhaps perform the parthenogenetic development, being 
stimulated by the pollen-tube coming into the sac. If this be true, we must 
infer that in Gastrodia two kinds of the embryo develop, one by amphimixis 
and the other by apomixis. However, I was not able to find any sac which 
was penetrated by the pollen-tube, and in which the egg was in nuclear 
division accompanying an unfused and disorganizing male nucleus near the 
egg nucleus. So that I am of the opinion, that the embryo arising from the 
pollinated flower is exclusively the product of the sexual act. 

That the cause of the facultative parthenocarpy is concerned with the 
nutritive condition has been maintained by several authors, and in Gastrodia 
it has been shown that excessive nutritive materials may promote the deye- 
lopment of the autonomic parthenocarpic fruit. Some authors maintain a 
similar condition of nutrition as causing the parthenogenetic development 
(see WINKLER, 708, p. 420), while WINKLER disagrees with this hypothesis. 
In Gastrodia an occasional nuclear division in the haploid egg and the 
vigorous development of the parthenocarpic fruit are of parallel occurrence : 
in both autonomic and aitionomic parthenocarpy the seed-forming ovules 
increase in number, when the nutritive condition is favourable, and in these 
ovules the ege is much hypertrophied. Thus the nuclear division in the 
haploid egg may be ascribed to an excessive nutrition operating on the egg, 
suggesting the existence of a certain relation between nutritive condition and 


facultative parthenogenesis. 
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7. DEVELOPMENT OF THE SPOROPHY'TIC TISSUE OF THE OVULE. 


The sporophytic tissue of the oyule participates in the formation of the 
seed-coat. Taking now this tissue as the object of consideration, we see that 
its full development is manifested in certain relations to other tissues concerned 
with the fructification, such as the ovarial wall and the embryo-sac, and further 
it is induced by the action of the pollen-tube or other agents, or independent 
of such external factors. Several cases in this respect are already found 
scattered in the literature, and additional cases are afforded by the present 
investigation. To make the matter comprehensive they may be arranged in 
the following manner : 

I. Prerertimization Srace. It comprises the stages of the ovular deve- 
lopment, through which the ovule completes the embryo-sac. 

A. Autonomic: Induced without any external stimulus (usual and 
parthenogenetic plants). 

B. Aitionomie: Induced only by pollination (most of the Orchidaceae, 
many species of the Amentaceae, and other plants) (cf. TiscHLEr, 

25 p69): 

II. Posrrertmization Stace. It comprises the developmental stages 
subsequent to fertilization till the completion of the seed-coat. 

A. Embryogenic: The formation of the seed-coat accompanies the 
development of the embryo inside. 
a. Autonomic: Without pollination. 

1. Carpous: In parthenogenetic plants under ordinary condi- 
tions. 

2. Acarpous: No ease is yet reported. If the ovule of certain 
parthenogenetic plants be capable of the full development 
under the condition similar to that, under which Gastrodia 
produces embryogenic seeds without accompanying the 
typical fruit formation (see below), it would afford the 
example. 

b. Aitionomiec: Induced by pollination. 
1. Carpous: In usual plants under ordinary conditions. 


2. Acarpous: Gastrodia affords an example, when the fertilized 
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flower is subjected to unfavourable conditions of nutrition ; 
here the ovarial development is almost entirely arrested 

and the normal fruit is scarcely produced. 
B. Sterile: The seed-coat is completed without accompanying the 

development of the embryo. 
a. Autonomic: Without pollination. 

1. Carpous: In autonomic parthenocarpic -plants (Gastrodia 
and other plants enumerated by TiscHLEr, ’12). 

2. Acarpous: In Gastrodia, when the abscised flower is left 
unpollinated ; the amount of seed is diminished consider- 
ably. 

b. Aitionomic: Induced by pollination or by external stimuli. 

1. Carpous: In aitionomic parthenocarpie plants (Gastrodia 
pollinated by Bletia). 

2. Acarpous: In Gartrodia, when the abscised flower is polli- 
nated by Bletia; the amount of seed is larger than in the 
autonomic case. 

It must be remarked that the word “acarpous” is accepted convention- 
ally. In the strict sense, it would be absurd to conceive the existence of 
either the embryogenic or the sterile seed in the absence of the fruit-wall. 
The capsule of Gastrodia, differing from that of other plants, presents no 
remarkable histological divergence from the ovary, from which it is derived. 
Chiefly the enlargement of the component cells in the ovary suftices to 
produce the capsule, without multiplication of the cells and the thickening 
of their wall. The difference in size, which can be taken as a chief distine- 
tion between the seeded capsule and the ovary, is very variable according to 
the nutritive condition under which the capsule is developing ; there may occur 
so small a capsule that it scarcely exceeds in size the ovary at the fertilization 
stage. As already described, the ovnle needs after bloom a further develop- 
ment, in order to complete the embryo-sac, and in association with this the 
ovary makes a corresponding growth after bloom. Such a growth of the ovary 
should not be taken, in my opinion, as related to the fruit formation. For 
this reason I apply the term “acarpous” to the case of the seed formation, 


during which interval the ovarial wall does not undergo essential changes 
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after the fertilization stage. On the acarpous development of seed, WINKLER 
(08, p. 395) remarks, “ Dartiber, ob auch umgekehrt normale Samenent- 
wicklung ohne Fruchtbildung méglich ist, scheint nichts bekannt zu sein ; 
theoretisch ist es natiivlich sehr wohl denkbar, und wenn ich nicht irre, 
kommt es z. B. beim Wein gelegentlich vor, dass die Beere nicht zur 
Ausbildung kommt, obwohl sich gesunde Samen entwickeln, so dass diese 
dann anstatt von der Beere nur von einer dimnen Fruchthant umbullt 
werden.” Of course a habitual occurrence of the seed without the fruit is 
highly inconceivable, but artificially it would not be quite impossible to 
obtain in other plants the seed with a considerable inhibition of the fruit 


development, as exemplified by Gastrodia. 


From the above considerations it will be seen that several problems on 
the phenomena of the embryonal development are thrown into great confusion 
on account of the frequent omission of the reduction division. So that the 
views so far advanced may be largely hypothetical. Some of the problems 
demand further investigation under special treatment. I shall be content, if 
the present study may arouse interest for the experimental cytological studies 


on the generative sphere in Angiosperms. 


X. Summary. 


The results of the observations and experiments have already been 
recorded in proper places. Here only the chief facts will be recapitu- 
lated. 

1. The flower is, in a high degree, resistible towards various kinds of 
treatment, and the embryonal development exhibits extreme simplicity and is 
completed with great rapidity. On this account Gastrodia offers the best-suited 
material for the experimental study on the embryonal development in 
Angiosperms. 

2. The embryo-sac is completed 3-4 days after bloom, and the same 
interval of time is required for the pollinium applied to the stigma to pro- 


duce the pollen-tube at full development. So that in the flower pollinated 
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the day of bloom fertilization takes place after 3-4 days. The seed ripens 
after about 14-15 days, while the dehiscence of the capsule occurs still 
later. 

3. The ovule is rudimental at the time of bloom, but, differing from 
most orchids, the embryo-sac is completed without the stimulus of the pollen- 
tube. 

4. The embryo-sac is four-nucleate, being derived from one megaspore. 

5. The heterotype mitosis does not follow precisely either the para- 
synaptic or the telosynaptic type. The bivalent chromosome is formed when 
the univalent chromosomes come upon the equatorial plate. 

6. A certain number of embryo-sacs is formed without the chromo- 
some reduction. 

7. The occurrence of the diploid egg is most probable, but in no case 
does parthenogenetic development take place. 

8. The sterility of a certain number of ovules may be explained as 
being due to the omission of the chromosome reduction in forming the 
embryo-sac. 

9. Double fertilization takes place. The endosperm nucleus is the 
product of the triple fusion of the male, synergid, and pole nuclei. It remains 
undivided. Fertilization is effected with the pollinium introduced into the 
ovarial cavity. 

10. Both autonomic and aitionomic parthenocarpy may occur. The size 
of the resulting fruit depends on the nutritive condition, but under the same 
condition the aitionomie parthenocarpy gives rise to a larger fruit than the 
autonomic. 

11. Parthenocarpy accompanies the development of the embryoless seed 
of normal structure. 

12. On one and the same stock the aitionomic parthenocarpic fruit 
dehisces later than the autonomic, and in turn the latter dehisces later than 
the normal fruit. However, the latest dehiscence takes place on the autonomic 
parthenocarpic fruit developed on the unpollinated stock bearing a reduced 
number of flowers. 

13. The seed-coat and the embryo can be brought to full development 


more or less independent of each other and of the fruit-wall. 
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14. Its own or foreign pollen-tubes do not promote the ovarial deve- 
lopment alone, that is, without inducing the promoted development on more 
or less numbers of the ovule. 

15. In the abscised flower the fertilized ovules can develop into normal 
seeds, while the ovary remains in all essentials as at the fertilization stage. 
This may afford an example of the acarpous seed formation. 

16. At delayed fertilization of the ovule the synergid tends to develop 
into an adventitious embryo. In this case fusion between the male and 
synergid nuclei is highly probable. 

17. Under a special condition the haploid egg may undergo the nuclear 
division leading to the generative parthenogenesis, but no cell division is 


ascertained. 


EXPERIMENTAL STUDIES OF THE EMBRYONAL DEVELOPMENT, ETC. 111 


LITERATURE. 


d’AnGremonD, A. (14): Parthenokarpie und Samenbildung bei Bananen. Flora, Bd. 107, 1914, 
p. 57. 

Brrr, R. (12): Studies in Spore Development. If. On the Structure and Division of the Nuclei 
in the Compositae. Ann. of Bot., Vol. XXVI, 1912, p. 705. 

Bonnet, J. (12): Recherches sur J’évolution des cellules-nourriciéres du pollen, chez les 
Angiospermes. Arch. f. Zellforsch., Bd. VI, 1912, p. 604. 

Brown, W. H. and Suanrp, L. W. (11): The Tmbryo Sac of Epipactis. Bot. Gaz., Vol. LII, 
1911, p. 439. 

Brown, W.H. (09): The Embryo Sac of Habenaria. Bot. Gaz., Vol. XLVIII, 1909, p. 241. 

CHopat, R. et Bernarp, C. (00): Sur le Sac Embryoamiira de I’Helosis guyanensis. Jour. d. 
Bot., T. XIV, 1900, p. 72. 

Counter, J. M. and Cuamperuatn, C.J. ('03): Morphology of Angiosperms. 1903. 

Davis, B. M. (’10): The Reduction Division of Oenothera biennis. Ann, of Bot., Vol. XXIV, 
1910, p. 631. 


(11): Cytological Studies on Oenothera. I. A Comparison of Reduction Divisions 
of Oenothera Lamarckiana and O. gigas, Ann. of Bot., Vol. XXV, 1911, p. 941. 
Darwi, C, (86): On the Fertilisation of Orchids by Insects. New York, 1885. 
Diepy, L. (10): The Somatic, Premeiotic, and Meiotic Nuclear Divisions of Galtonia candicans. 
Ann. of Bot., Vol. XCVI, 1910, p. 727. 
(12): The Cytology of Primula kewensis and of other related Primula Hybrids. Ann. 
of Bot., Vol. XXVI, 1912, p. 357. 
Ernst, A. (01): Beitrige zur Kenntniss der Entwickelung des Embryosackes und des Embryo 
(Polyembryonie) von Tulipa Gesneriana L. Flora, Bd. 88, 1901, p. 37. 
Ernst, A. und Bernarp, C. (12): Entwicklungsgeschichte des Embryosackes, des Embryos und 
des Endosperms von Burmannia coslestis Don. Ann. Jard. Bot. Buitenzorg, Vol. XXVI 
1912, p. 234. 
Ernst, A. und Scumip, E. (13): Ueber Bliite uni Frucht von Raflesia. Ann. Jard. Bot. 
Buitenzorg, Vol, XXVII, 1913, p. 1. 
Ewert, R. (07): Die Parthenokarpie oder Jungfernfriichtigkeit der Obstbiume und ihre Bedeut- 
ung fiir den Obstbau. Berlin, 1907. (Frrrrna’s review in Zeitsch, f. Bot., Bd. I, 1909, 
p. 215.) 
(08): Die Parthenokarpie der Stachelbzere (V. M.). Ber. d. deutsch. bot. Gesellsch, 
Bd. 26 a, 1908, p. 531. 
(09): Neuere Untersuchungen iiber Parthenoearpie bai Obstbiiumen und einigen 
anderen fruchttragenden Gewichsen. Lanlw. Jahbrb., Bi, 38, 190), p. 767. 
Faner, F.C. V. (712): Morphologisch-physiolozische Untersuchungen an Pidten von Coffea-Arten. 
Ann. Jard. Bot. Buitenzorg, Vol. XXV, 1912, p. 59. 


112 S. KUSANO: 


Frrtime, H. (’09a): Entwicklungsphysiologische Probleme der Fruchtbildung. Biol. Centlbl., Bd. 
29, 1909, p. 193. 
(09 b): Die Beeinflussung der Orchideenbliiten durch die Bestiiubung und durch 
andere Umstiinde. Zeitsch. f. Bot., Bd. I, 1909, p. 1. 
(10): Weitere Entwicklungsphysiologische Untersuchungen an Orchideenbliiten. 
Zeitsch. f. Bot., Bd. II, 1910, p. 225. 
Focxr, W. O. (’81): Die Pflanzen-Mischlinge. Berlin, 1881. 
Ginrner, C. F. (49): Versuche und Beobachtungen iiber die Bastarderzeugung im Pflanzenreich. 
Stuttgart, 1849. 
Gares, R. R. (07): Hybridization and Germ Cells of Oenothera Mutants. Bot. Gaz., Vol. XLIV, 
1907, p. 1. 
(708): A Study of Reduction in Oenothera rubrinervis. Bot. Gaz., Vol. XLVI, 1908, p. © 
1. 
(09): Apogamy in Oenothera. Science, N.S., Vol. XXX, No. 776, 1909. 
(11): The Mode of Chromosome Reduction. Bot. Gaz., Vol. LI, 1911, p. 321. 
Grerts, F. M. (09): Beitriige zur Kenntniss der Cytologie und der partiellen Sterilitiit von 
Oenothera Lamarckiana. Rec. Travaux Bot. Néerlandais, Vol. V, 1909, p. 93. 
Gorzer, K. (01): Organographie der Pflanzen. Teil II, Heft, 2.2, 1901. 
Guienarp, L. (86): Sur la Pollinisation et ses Effets chez les Orchidées. Ann. d. Sci. naturelles, 
Sér. 7. Vol. IV, 1886, p. 202. 
Harz, J. G. (02): An Embryological Study of Limnocharis emarginata. Bot. Gaz., Vol. 
XXXII, 1902, p. 214. 
Hantrey, C. P. ('02): Injurious Effects of premature Pollination. Bull. 22. Bureau of Plant 
Industry, U. S. Dept, of Agric., 1902. (Review from Bot. Gaz., Vol. XXXV, 1903, p. 
64), 
*HipEBRAND, F. ('63): Die Fruchtbildung der Orchideen, ein Beweis fiir die doppelte Wirkung 
des Pollen. Bot. Ztg., Bd. XXI, 1863, p, 329. 
Hoenst, C. C. (99): Experiments on Hybridisation and Cross-Breeding. Gard. Chron. 3. ser., 
Vol. XXVI, 1899, p. 55. 
(703): Recent Experiments in the Hybridisation of Orchids. Gard, Chron, Vol, XXXIV, 
1903, p. 226. 
Jvrn, H. O. (00): Vergleichende Untersuchungen iiber Typische und Parthengenetische Fort- 
pflanzung bei der Gattung Antennaria. Kongl. Svenska Vetens.-Akad. Handlingar, Bad. 
33, 1900. 
(04): Die Tetradenteilung in der Samenanlage von Taraxacum (VY. M.). Arkiv f. 
Botanik, Bd. II. No. 4, 1904. 
(05): Die Tetradenteilung bei Taraxacum und anderen Cichoriaceen. Kongl. Svenska 
Vetens.-Akad. Handlingar, Bd. 39, No. 4, 1905. 
Kusano, 8. (11): Gastrodia elata and its symbiotic Association with Armillaria mellea. Jour. 


Coll. Agric. Imp. Univ. Tokyo, Vol. IV, 1911, p. 1. 


EXPERIMENTAL STUDIES ON THE EMBRYONAL DEVELOPMENT, ETC. 115 


Lunprecarpu. H. (712): Chromosomen, Nukleolen und die Veriinderungen im Protoplasma bei der 
Karyokinese. Beitr. z. Biol. d, Pfl., Bd. XI, Heft 3, 1912, p. 373. 
Maenus. W. (13): Die atypische Embryonalentwicklung der Podostemaceen, Flora, Bd. 105, 
1913, p. 275. 
*Massart, J. (02): Sur la Pollinisation sans Fécondation, Bull, du Jard. bot. de !Etat i Bruxelles. 
Isd. I, 1902, Fase. 3. 
Meves, I. (’08): Es gibt keine parallele Konjugation der Chromosomen! Archiv f. Zellforsch, 
Ba. I, 1908, p. 612. 
Mopirewsx1, J. (09): Zur Embryobildung von einigen Onagraceen. Jer. d. deutsch. bot. 
Gesellsch., Bd. XXVII, 1909, p. 287. 
Mugsecx, 8S. (01): Parthenogenetische Embryobildung in der Gattung Alchemilla. Lunds Univ. 
Arsskript, Bd, 36, 1901. 
Miter, F. (68): Ueber Befruchtungserscheinungen bei Orchideen. Bot. Ztg., Bd. XXVI, 
1868, p. 629, 
Mirer-Tuuraav, (08): Kernlose Traubenbeeren und Obstfriichte. Landw. Jahrb. d. Schweiz. 
Sep., 1908, (Frrrme’s review in Zeitsch. f. Bot., Bd. I, 1909, p. 215). 
Nawascuin, 8. (00): Doppelte Befruchtung bei den Orchideen, Ber. d, deutsch. bot. Gesellsch., 
Bd. XVIII, 1900, p. 224. 
Nemec, B. (710): Das Problem der Befruchtungsyorginge und andere Zytologische Fragen. 
Berlin, 1910. 
Osawa, I. (13): Studies on the Cytology of some Species of Taraxacum. Archiv f. Zellforsch., 
Bd. X, 1913, p. 450. 
Overton, J. B. (02): Parthenogenesis in Thalictrum purpurascens. Bot. Gaz., Vol. XXXII, 
1902, p. 363. 
(04): Ueber Parthenogenesis bei Thalictrum purpurascens, Ler. d. deutsch. bot. 
Gesellsch., XXII, 1904, p. 274. 
(09): On the Organization of the Nuclei in the Pollen Mother-Cells of certain Plants, 
with special Reference to the Permanence of the Chromosomes. Ann. of Bot., Vol. 
XXII, 1909, p. 19. 
Pace, L. (07): Fertilization in Cypripedium. Bot. Gaz., Vol. XLIV, 1907, p. 353. 
(09): The Gametophytes of Calopogon. Bot. Gaz., Vol. XLVIII, 1909, p. 126. 
(13): Apogamy in Atamosco. Bot. Gaz., Vol. LVI, 1913, p. 376. 
(14): Two Species of Gyrostachys. Baylor Univ. Bull., Vol. XVII, No. 1, 1914. 
Pritzzr, E, (’89): Die Orchidaceae. Enctrr und Pranti, Die natiirlichen Pflanzenfamilien II. 
6, 1889, p. 52. 
Riwiey, H.N. (88): Notes on Self-fertilization and Cleistegamy in Orchids. Jour. Linn. Soc., 
Vol. XXIV, 1888, p. 389. 
RosENBERG, O. ('07): Cytological Studies on the Apogamy in Hieracium. Bot. Tidsskr., Bd. 28, 
1907, p. 143. 


*I have not been able to consult the original paper. 


114 S. KUSANO: 


Smarp, L. W. (12): The Orchid Embryo Sac. Bot. Gaz., Vol. LIV, 1912, p. 372. 

Surpata, K, (702): Experimentelle Studien iiber die Entwicklung des Endosperms bei Monotropa 
(V.M.). Biol. Centlbl., Bd. XXII, 1902, p. 705. 

Surpara, K, u. Miyake, K. (08): Ueber Parthenogenesis bei Houttuynia cordata. Bot. Mag. 
Tokyo, Vol. XXII, 1908, p. 141. 

Smiru, W. ('11): The tetranucleate Embryo Sac of Clintonia. Bot. Gaz., Vol. LIT, 1911, p. 
209. 

Srraspurcer, FE. (’86): Ueber fremdartige Bestiinbung. Jahrb. f. wiss. Bot., Bd. XVIT, 1886, 
p. 50. 
(97): Das botanische Practicum. Jena, 1897. 


———— (00): Einige Bemerkungen zur Frage nach der “ doppelten Befruchtung” bei den 
Angiospermen. Bot. Ztg., Bd. 58, 1900, p. 293. 
(05): Die Apogamie der Eualchimillen ete. Jahrb. f. wiss. Bot., Bd. XLI, 1905, p. 88. 

Tiscuier, G, (12): Ueber die Entwicklung des Samenanlagen in parthenokarpen Angiospermen- 
Friichten. Jahrb. f. wiss. Bot., Bd. LI, 1913, p. 1. 

Trevs, M. ('83): Notes sur l’'Embryon, le Sac Embryonnaire et l’Ovule. Ann. Jard. Bot. 
Buitenzorg, Vol. III, 1883, p. 120. 
(11): Le Sac Embryonnaire et I/Embryon dans les Anziospermes. Ann. Jard. Bot. 
Buitenzorg, Vol. XXIV, 1911, p. 1. 

TscHeRMAK, F. VY. ('02): Ueber den Einfluss der Bestiiubung auf die Ausbildung der Fruchthiillen. 
Ber. d. deutsch, bot. Gesellsch., Bd, XX, 1902, p. 7. 

Verreu, H, J. (’88): On the Fertilization of Cattleya labiata, var. Mossiae, Lindl. Jour. Linn. 
Soc. Bot., Vol. XXIV, 1888, p. 395. 

Veuser, J., (12): Zur Entwicklungsgeschichte yon Akebia quinata Dec. In.-Diss. Bonn, 1912. 
(Review in Bot. Centlbl., Bd. 125, 1914, p. 453.) 

Went, F. A. F. O. (08): ‘The Development of the Ovule, Embryo-Sac and Egg in Podostemaceae. 
Rec. d. Travaux Bot. Néerl., Vol. V, 1908, p. 1. 

Werner, E. (14): Zur Oek»logie atypischer Samenanlagen. Beih. z. Bot. Centlbl., Bd. XXXII, 
J, 1914, p. 1. 

Wuuis, J. C. (’02): Studies in the Morphology and Ecology of the Podostemaceae of Ceylon and 
India. Ann. Roy. Bot. Gard. Peradeniya, Vol. I, 1900-1902, p. 267. 

Winker, H. (’05): Botanische Untersuchungen aus Buitenzorg. I. Ann. Jard. Bot. Buitenzorg, 
Vol. V, 1505, p. 1. 
(08): Ueber Parthenogenesis und Apogamie im Pflanzenreiche. Prog. rei Bot., Bd. II, 
1908, p. 293. 

Wotrert, T, (10): Vergleichende Anatomie und Entwicklungsgeschichte von Alnus alnobetula 
und Betula. Flora, Bd. 100, 1910, p. 37. 


EXPERIMENTAL STUDIES ON THE EMBRYONAL DEVELOPMENT, ETC. 115 


EXPLANATION OF PLATES, 


PLATE YV. 


All the figures were magnified 1800 times. 

Figs. 1-28. Archesporium nuclei. 

Fig. 1. Nuclear reticulum at the presynaptic stage (from a flower-bud 2 days before 
bloom). 

Fig. 2. Beginning of contraction of the reticulum (same bud). 

Fig. 3. Contraction advanced further (same bud). 

Fig. 4. The midsynaptic stage; the synaptic knot appears somewhat homogeneous (same 
bud). 

Fig. 5. Loosening of the spireme thread from the synaptic knot (a bud a day before 
bloom). 

Fig. 6. Later stage (same bud). 

Fig. 7. Surface view of a nucleus, showing a uniform peripheral distribution of the post- 
synaptic spireme (same bud). 

Fig. 8. Network of the spireme in peripheral arrangement (from a flower a day after 
bloom). 

Fig. 9. Condensation of the thread material into a certain number of groups, (a day after 
bloom). 

Fig. 10. Surface view of a nucleus, showing the peripheral distribution of parallel threads 
(a day after bloom). 

Fig. 11. Surface view of a nucleus, showing a breaking down of the network and a con- 
densation of the thread material into groups (a day after bloom). 

Fig. 12. Condensation of the thread material advanced further. A network structure is yet 
retained (a day after bloom). 

Fig. 13. A more advanced state of condensation; groups of the thread material become 
more definite in appearance (a day after bloom). 

Fig. 14. Formation of chromosomes from the condensed thread material. In this section of 
the nucleus 8 chromosomes with irregular outline and in a vacuolate condition are shown; the 
other 8 appear in the next section (2 days after bloom). 

Fig. 15. A peripheral section of a nucleus, showing 6 alyeolate chromosomes in peripheral 
arrangement ; some of the chromosomes are rod-shaped (from a flower on the day of bloom). 

Fig. 16. Two consecutive sections of a nucleus, showing more compact chromosomes, 16 in 
number (a day after bloom). 

Fig. 17. Two consecutive sections of a nucleus, showing 16 chromosomes in a ring or loop 
form (a day after bloom). 


Fig. 18. The same; some chromosomes are represented as parallel rods (a day after 
bloom). 
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Fig. 19. Two consecutive sections of a nucleus, showing 16 chromosomes becoming more 
compact (a day after bloom), 

Fig. 20. A nucleus at the same stage; in each chromosome two spots take the colouring 
matter more heavily (a day after bloom). 

Fig. 21. Two consecutive sections of a nucleus, showing 16 somatic chromosomes which 
appear bivalent; nucleolus disappears and the nuclear membrane becomes faint (same 
flower). 

Fig. 22. Two consecutive sections of a nucleus, showing 16 homogeneous chromatin masses 
as chromosomes; a stage similar to Fig. 16 (a day afier bloom), 

Fig. 23. Two consecutive sections of a nucleus, showing compact but somewhat irregular 
chromosomes; nucleolus and the nuclear membrane disappear (a day after bloom). 

Fig. 24. A nucleus at prophase, with chromosomes (18?) in the peripheral arrangement (a 
day after bloom). 

Fig. 25. The same with chromosomes (16) retreating from the periphery (2 days after 
bloom). 

Fig. 26. Transverse section of an archesporium with the chromosomes going to fuse pairwise 
at the equatorial plate (a day after bloom). 

Fig. 27. Similar stage of an archesporium nucleus; 4 bivalent and 8 univalent chromosomes 
are shown (2 days after bloom). 

Fig. 28. Surface view of an equatorial plate with 8 bivalent chromosomes (day of bloom). 

Figs. 29-35. Somatic nuclei in the ovule. 

Fig. 29. Spireme stage. 

Fig. 30. Differentiation of the chromosome segments from the spireme. 

Fig. 31. Formation of 18 univalent chromosomes. 

Fig. 32. An equatorial plate with 16(?) chromosomes. 

Fig. 33. Metaphase with 16 chromosomes. 

Fig. 34. Daughter chromosomes at both poles of the spindle in polar view. 


Fig. 35. The spindle at anaphase in side view. 


PLATE VI. 

Except Fig. 44, which was magnified 2250 times, all the figures were magnified 1500 times. 

Figs. 36-54. First division in the archesporium. 

Fig. 36. An equatorial plate with 8 bivalent chromosomes (day of bloom). 

Fig. 37. Prophase of the homoeotypic mitosis (?), showing a multipolar spindle with 16 
univalent chromosomes (day of bloom). 

Figs, 38-40. Metaphase showing 8 bivalent chromosomes (all from the same flower on the 
day of bloom). 

Fig. 41. Early anaphase of the homoeotypic mitosis, showing division in some of 16 
univalent chromosomes (a day after bloom), 

12. A spindle in side view, showing univalent chromosomes arranged in a ring (same 


flower). 
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Fig. 43, Early anaphase of the homoeotypic mitosis, showing some univalent chromosomes 
in division (a day after bloom). 

Fig. 44. 16 univalent chromosomes at the same stage; two large problematic masses are 
shown (an unpollinated flower 4 days after bloom). 

Fig. 45. Anaphase with 8 large chromosomes, of which one is yet undivided, and a small 
chromosome (?) undivided (day of bloom). 

Fig. 46, Anaphase with two groups of 8 chromosomes further advanced (same flower). 

Fig. 47. Anaphase of the homoeotypic mitosis, showing 16 distinct pairs of daughter 
chromosomes ; a large problematic mass is found in one section (day of bloom). 

Fig. 48. The same (a day after bloom). 

Fig. 49. Polar view of 12 split chromosomes at one pole in the late anaphase (4 chromo- 
somes are found in another section) (a day after bloom). 

Fig. 50. Two consecutive transverse sections af a spindle at the late anaphase, showing 16 
daughter chromosomes at each pole in polar view (a day after bloom). 

Fig. 51, uate anaphase with chromosomes in anastomosis; the chromosome group in the 
lower pole becomes larger in size than the upper (day of bloom). 

Fig. 52. Telophase in oblique view, showing 16 chromosomes in each pole in interkinesis; 
in the lower pole 6 chromosames are shown, the other 10 appearing in the next section (a 
day after bloom), 

Fig. 53. A later stage (2 days after bloom). 

Fig. 54. Formation of daughter cells (a day after bloom), 

Figs. 55-60. Second division in the archesporium. 

Fig. 55. Two consecutive sections of the lower daughter nucleus at prophase, showing the 
condensation of the chromation material (2 days after bloom). 

Fig. 56. Later stage, showing the formation of chromosome with the disappearance of the 
nuclear membrane and nucleolus (a day after bloom), 

Fig. 57. Similar stage, showing 16 chromosomes in an irregular form (a flower 2 days 
after bloom). 

Fig. 58. Prophase with compact 16 chromosomes (3 days atter bloom). 

Fig. 59. Equatorial plate in polar view, showing 8 chromosomes (day of bloom). 


Fig. 60. Metaphase in side view; one of 8 chromosomes shows a split (3 days after bloom). 


PLATE VII. 
All the figures were magnified 1500 times. 
Figs. 61-69. Second division in the archesporium. 
Fig. 61. Metaphase with 8 split chromosomes (4 days after bloom). 
Fig. 62. Early anaphase of the 16-chromosomie nucleus; in this section 12 pairs of split 
chromosomes are given (2 days after bloom). 
Fig. 63. Anaphase, showing the total 16 pairs of daughter chromosomes (a day after bloom). 


Fig. 64. 8 chromosomes at the pole of anaphase, showing their longitudinal fission (a day 


after bloom). 
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Fig. 65. Two consecutive sections of the spindle at anaphase, having 16 chromosomes at 
each pole (a day after bloom), 

Fig. 66. Polar view of both upper and lower poles at anaphase, showing 16 chromosomes 
at each pole (2 days after bloom). 

Figs. 67, 68. Anaphases with perhaps 8 chromosomes at each pole (a day after bloom). 

Fig, 69. Formation of two daughter nuclei (day of bloom). 

Vig. 70. A megaspore becoming an embryo-sac cell, with the nucleus at the resting reticular 
condition (3 days after bloom). 

Fig. 71. A megaspore nucleus with the spireme converted into 16 chromosomes (day of 
bloom). 

Fig. 72. Two consecutive sections of a megaspore nucleus at the multipolar stage, some of 
16-18 chromosomes being represented in section (flower remained 4 days unpollinated). 

Fig. 73. Metaphase of the same with 16 chromosomes in division; here only 13 pairs are 
represented (2 days after bloom). 

Fig. 74. Anaphase of the same with 8 chromosomes (samo flower). 

Fig. 75. Late anaphase of the same (2 days after bloom), 
Fig. 76. Telophase (a day after bloom). 
Fig. Formation of the daughter nuclei (2 days after bloom). 

Fig. 78. Two daughter nuclei at resting condition (2 days after bloom). 

Fig. 79. Metaphase of both daughter nuclei, showing 8 chromosomes at the equatorial plate 
(an unpollinated flower 4 days after bloom). 

Fig. 80, The same stage, both spindles in side view (5 days after bloom). 

Fig. 81. Early anaphase, the upper spindle in side view and the lower in polar view; both 
Spindles possess 8 chromosomes, some of which are still undivided (flower remained 5 days 


unpollinated). 


PLATE VIII. 


All the figures were magnified 1500 times. 

Fig. 82. Polar view of the equatorial plate of the lower and upper nuclei of the embryo-sac, 
8 chromosomes in each nucleus are in division (2 days after bloom), 

Fig. 83, One of the sections of a two nucleate embryo-sac, showing 8 chromosomes in polar 
view in the upper nucleus at anaphase and a peripheral longitudinal section of the lower spindle 
(same flower). 

Fig. 84. Two nuclei at anaphase, the direction of their division being at right angle to each 
other (5 days after bloom). 

Fig. 85. Formation of four nuclei in the embryo-sac; the lower pair are smaller (an un- 
pollinated flower 5 days after bloom). 

Fig. 86. Upper larger and lower smaller nuclei of the embryo-sac, being at the resting 
condition (2 days after bloom). 


Fig. 87. Upper larger and lower smaller spindles of the embryo-sac, the upper in polar 
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view and the lower in side view. 14 chromosomes are visible in the upper spindle, showing 
the split of 8 chromosomes(?) (an unpollinated flower 3 days after bloom), 

Fig. 88. A little later stage of the embryo-sac, both nuclei being at anaphase, the chromo- 
somes of the lower spindle are in dissolution (an unpollinated flower 4 pays after bloom). 

Fig. 89. An embryo-sac at a still later stage, upper nucleus at late anaphase, and the lower 
being divided into two obliterated daughter nuclei (4 days after bloom), 

Fig. 99. 4-nucleate embryo-sac; the lower two nuclei are in fusion (an unpollinated flower 
5 days after bloom), 

Fig. 91. The lower two nuclei from the 4-nucleate embryv-sac, showing successive stages of 
fusion. 

Fig. 92. A lower spindle from a two-nucleate embryo-sac, showing the obliteration of the 
daughter chromosomes and the spindle fibres (3 days after bloom). 

Fig. 93. An embryo-sac showing the formation of an egg apparatus (5 days after bloom). 

Fig. 94. Same stage (unpollinated flower 5 days after bloom). 

Fig. 95, Differentiation of an egg nucleus and synergid nuclei (5 days after bloom). 

Fig. 96. Apical view of a complete embryo-sac, showing the egz apparatus in polar view 
(3 days after bloom). 

Fig. 97. A complete embryo-sac (unpollinated flower 5 days after bloom), 

Fig. 98. Entry of a pollen-tube into the embryo-sac, with the tub2 nucleus an] a male nucleus 
in its apical portion (5 days after bloom), 

Fig. 99. Fertilized embryo-sac; a male nucleus having entered the egg is visible beneath the 


female nucleus (4 days after bloom). 


PLATE IX. 
All the figures, except Figs. 105, 108, 109, and 114, were magnified 1500 times. 


Fig. 100. Two consecutive sections of a fertilized embryo-sac (a flower 4 days after bloom). 

Fig. 101. Fertilized embryo-sac; fusion takes place between the male and female nuclei, 
but the male, a synergid, and the polar nuclei remain yet unfused (4 days after bloom). 

Fig. 102. A little later stage in polar view (a flower pollinated 4 days after bloom and 
taken 5 days after pollination). 

Fig. 103. The first metaphase in the oosphere, with 16 chromosomes in division (a similar 
flower). 

Fig. 104. Two-celled proembryo; the upper nucleus in metaphase with 16 chromosomes on 
the equatorial plate (6 days after bloom). 

Fig. 105. Embryo-sac with the two-celled proembryo and two nuclei for fusion (same 
flower as in Fig. 103). x 750. 

Fig. 106. Polar view of the early anaphase of the first mitosis of the oosphere, showing 16 
chromosomes splitting into 32 daughter halves (same stage as Fig. 103) (same flower as in 
Fig. 103). 

Fig. 107. An epidermal cell of the multinucleate embryo, showing 16 distinct chromosomes 


on the equatorial plate (10 days after bloom). 
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Figs. 108, 109. Embryo-sacs with two embryos, one of which cerived from a ‘synergid 
(flowers pollinated 4 days after bloom). x 750. 

Figs. 110-113. Nuclear division in the unfertilized haploid eggs. 

Fig. 110. Metaphase showing 8 chromosomes (6 days after pollination with the Lletia- 
pollinium),. 

Fig. 111. Metaphase showing the same number of chromosomes in longitudinal fission (a 
flower from the unpollinated stock, 12 days after bloom). 

Fig. 112. Anaphase (flower under similar condition as in Fig. 110). 

Fig. 113. Later anaphase (flower under similar condition as in Fig. 110). 


Fig. 114. A young embryo and the ovular tissue surrounding the embryo-sac. x ca.500. 
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On the Influence of Nutrition upon the Development 
of Sexual Organs in the Fern Prothallia. 


BY 


Isaburo Nagai. 


With Plate X and seven Text-Figures. 


The writer (1913) has shown that the formative factors of environment 
play important roles in the sex development in the prothallia of Ceratopteris 
thalictroides and of other ferns. It is attempted in the present paper to show 
quantitatively the influence of nutrition on the development of the sexual 
organs in the gametophytes of Osmunda regalis var. japonica Milde and of 


Asplenium Nidus L. 


I. The Influence of the Concentration of Knop’s Solution. 
A. AspLentuM Nipus L. 


The spores used for the experiments were collected in April, 1914 from 
a single potted specimen in the conservatory of the Horticultural Depart- 
ment in the College of Agriculture, and they were sown immediately in tlie 
Petri dish which contained 0.35 per cent of Kyopr’s solution. The culture 
was kept near the west window of the laboratory giving only a diffused 
light. Nineteen days later, the germinated spores developed to the young 
prothallia of two to three cells. The culture was kept unchanged till July 
2nd and up to this time, the prothallia were found to be sterile, though the 
growth was perfectly normal. They were ameristic, bearing neither archegonia 


nor antheridia. 


(Jour, Coll, Agric., Vol. VI, No. 2, 1915.] 
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These prothallia were transplanted to the different cultures which con- 
tained 30 cc. of 0.7.9, 0.35 96, 0.175 99, 0.058 9, 0.01796 of freshly 
prepared JXnop’s solution* and distilled water respectively. The cultures 
were kept near the north windows of the institute, thus they were exposed 
only to a diffused light. Care was taken to maintain the uniformity of 
light and other external conditions which might influence the growth of 
prothallia besides the concentration of the nutrient solution. The contamina- 
tion of some green algze was unavoidable, but their growth never reached 
to such an extent as to give any serious change in the growth condition of 
the prothallia. From the end of July to the middle of August, the room 
temperature had been extremely high and sometimes reached over 32°C. 


The conditions at twenty four days after transplanting are summarised as 


follows. 
Cult. No. Cone. Condition 

I 0:7 % Vigorous growth, meristem differentiated, many de- 
veloped to the normal, heart-shaped, meristic 
prothallia. Very few antheridia initials. No 
archegonia, 

II 0.35 % Vigorous growth, same as I. Many antheridia, but no 
archegonia, 

it 0.175 % Many antheridia and few archegonia. 

IV 0.058 9% Many prothallia, meristie but sterile. 

V 0.0175 % Some prothallia meristic but majority remains ameris- 
tic and sterile. 

VI distilled water Ameristie and sterile, pale yellowish green color. 


On August Sth the first measurement of the number of antheridia and 
archegonia was made. Individuals were taken at random from the different 
parts in the culture, avoiding the unconscious selection of any particular 
group of individuals. The result is given in the Table I. It must be 
noted that besides the number of individuals recorded in the table, a number 
of more prothallia were examined under microscope so as to insure the 
sterility of the population. For example, only 55 individuals are recorded 
to be sterile under VI, but in reality more than a hundred other individuals 


were examined and were also proved to be sterile. 


The formula is given on Sec, IL. 
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Table J. Asplenium Nidus. 


The number of archegonia and antheridia (observed Aug. 6, spores sown 
April 23, transplanted July 2), 


| | 
Average per Average per 
Cult. No. Cone. Total proth. | Total anth. | ay raion Total archeg. Sioned 
mH) ty ga |) aezok |) | ayaa 38 0.40 
WT 0.35 | 71 e318 |) 13.12 58 0.81 
Wt =| 0.175 89 1493 16.77 72 0.808 
IV 0,058 100 620 | 6.20 2 0.02 
Vv 0.0175 61 | 6 0.09 0 0 
VI dis. water 55 0 0 0 0 
Total ea 4679 993 | 170 0.36 
| 
Table II. Asplenium Nidus. 
The number of sterile and fertile prothallia. 
Actual number of proth. No. of proth. in per cent. 
Total ~ 
Cult. No. Cone. see r F 

proth. | monoecious .,_ |Monoecious ; 

and female male sterile and female male sterile 

I 0.7 95 8 70 |) 8 84 83.2 84 
It 0.35 71 11 53 i 15.5 74.6 9.9 
It OT 89 | 10 73 6 11,2 82.1 6.7 
IV 0.058 100 | 1 67 32 1.0 67.0 32.0 
Vv 0.0175 61 0 1 60 0 1.6 98.4 
VI dis. water 55 0 0) 55 0 0 100.0 
Total 471 30. | 273 | 168 6.35 57.96 35.67 


The alternative variations are calculated in the following alternatives 
from the same material given in the preceding tables. 

1. Moneecious (both archegonia and antheridia bearing)+female (only 
archegonia bearing) prothallia vs. male (only antheridia bearing) + sterile 
prothallia. 

2. Male ys. all others (monoecious, female, and sterile prothallia). 

3. Sterile vs. fertile prothallia (compare Text-fig. 1). 


4. Total number of archegonia ys. total number of antheridia. 


Table 
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TI. 


Alternative variations (1, 2, 3). 


Asplenium Nidus. 


ae 


1 2 3 
| 
‘ = ms (monoe- 3 (monoe- 
Cult. No. Cone. cious + | (male + (male) | cious + (sterile) | (fertile) 
female) | Sterile) sterile) | 5* 5% 
0 1 0 1 0 i 
[ 0.7 8.4 91.6 27.74 83.2 16.8 37.39 8.4 91.6 27.74 
Il 0.35 15.5 84.5 36.19 74.6 25.4 43.53 9.9 90.1 29.87 
III 0.175 11.2 88.8 | 31.54] 82.1 17.9 38.33 6.7 93.3 | 25.00 
IV 0.058 1.0 99.0 9.95] 67.0 33.0 | 47.02] 32.0 68.0 | 46.65 
Vi 0.0175 0 100 0 1.6 99.4 12.61 98.4 1.6 12.55 
VI dis. water 0 100 0 0 100 0 100 0 0 
Table IV. Asplenium Nidus. 
Alternative variation (4). 
Actual number of 
Archeg. Anth. 
Cult. No. Cone. Total omens) (Anth) 
Archegonia | Antheridia 0 1 
I 0.7 38 1629 1667 2.3 97.7 14,99 
Uf 0.35 58 931 989 5.9 94,1 23.56 
Tit 0.175 72 1493 1565 4.6 95.4 20.95 
IV 0,058 2 620 622 0.3 99.7 5.47 
Ni 0.0175 0 6 6 0 100 0 
VI dis, water 0 0 0 0 0 0 


As we see in the preceding tables, the most favorable concentration for 


the formation of antheridia and archegonia lies somewhere between 0.35 per 
cent to 0.175 per cent. There are found 16 antheridia and 0.8 archegonia 
per prothallium in that concentration, whereas in 0.7 per cent, 17.14 antheri- 


dia and 0.4 archegonia, and in 0.35 per cent 13.11 antheridia with 0.81 


* §=standard deviation =4/p,% x p.%.- Elemente der 


Exakten Erblichkeitslehre, 1913, p. 61 et seq. 


For particulars see JOHANNSEN : 
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archegonia are found. The size of prothallia is also largest in those which 
are grown in the 0.175 per cent solution. It might be that the comparative 
low number in the antheridia and arche- 
wvoeorH eri gonia found in 0.35 per cent culture 
is due to the unguarded error in the 
selection of the population for counting. 
A comparatively younger individuals might 
have been taken, for in all cultures, it 
has been observed that the stages in 
erowth in the individual prothallia are 
somewhat diverse at the different parts 
in the culture. 

Thus it is clearly shown that the 
development of sexual organs is dependent 
upon the concentration of the culture 
media. This evidence can further be 
confirmed by the fact that in the higher 
concentrations (0.35 per cent up) many 
abortive ameristic prothallia which are 
found in a mass, are strongly “male” and 
Text-fig. 1. Diagram showing in per bear abundant antheridia. Whereas those 


cent sterile and fertile prothallia grown pr thallia in the Jower concentration 
in the different concentrations of KNop’s a ] mil Thora 
solution. Black parts in the columns (0.0175 per cent) the similar abortive 


indicate the percentage of fertile and  pyothallia bear very few antheridia or in 
white parts sterile prothallia. 9 
many cases are purely sterile. 
The distributions of the antheridia and archegonia in the populations 


of the different cultures are also variable (see Table V). 
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Table V. Asplentum Nidus.* 


Frequency of distribution of antheridia (Aug. 6-7). 


7 tee 2 tf 12 17 22 27 32 oul 42, 47 
Cult. No. Cone. 4) | G9 | AV-1) | 5-199 | (20-21 | 5-20) | Gu-B4D | 5-3) | D-H | 45-49 

I 0.7 13 8 19 20 13 8 6 5 2 1 95 

I 0,35 16 12 12 13 10 3 3 1 1 0 71 
Tt 0175 13 10 16 17 13 7 4 4 3 2 89 
Ty 0.058 45 25 19 5 S| 2 1 100 

V 0.0175 60 1 61 

VI dis. water 55 55 
Total | 202 | 56 66 55 | 39 20 14 10 6 3 471 


In the higher concentrations the modal classes lie in the class 17 
except for the Culture II, but the mode shifts to the lowest class as the 
concentration of the nutrient solution decreases and in the population of the 
last three cultures a marked increase in the number falling in the lowest 
class (2) is noted and especially for the last two, the entire population 
comes under the lowest class except in the case with Culture V, where only 
one individual is found to bear eight antheridia and the rest is nothing but 
all sterile individuals. The reader will appreciate the matter more fully in 
comparing the accompanying graphic representation in Text-figure 2. The 
following biometric constants show the general trend of variability in the 


distribution of the antheridia in the different cultures. 


Table VI.t Asplenium Nidus. 


The variation in the number of antheridia. 


Cult. No. | Cone. M 5 C 
1 | of 17.474-+0.7379 10.664-+ 0.5218 61.019-+3.9432 
iat | 0.35 13.479-+0.7641 9.546-+0.5422 70.818-++6.9478 


Each class value indicates the number of antheridia per prothallium and the figures 
under each class indicate the number of prothallia which bear corresponding number of 
antheridia. 

{MW=mean, 5=standard deviation, C=coefficient of variability. 


ON THE INFLUENCE OF NUTRITION UPON THE DEVELOPMENT ETC. 127 


4 


Cult. No. Cone. M 3 6] 
Ill 0.175 17.168-+-0.8521 11.783+-0.5956 68.633-+-6.0353 
IV 0.058 7.30 +0.4366 6.474+-0:3087 88.682-++6.7843 
V 0.0175 | —— — = 
VI dis. water — — as 
Total population 10.896-+0.3656 10.429-++0.2585 95.711+3.5403 
We 
2 i 
0. 


Prequencies 


o 5 0 15 z0 z 30 5 40 4“ 50 
0 
ny. 

0 5 nv 20 25 39 35 40 ae 50 
nv. 
ae fl 

0 5 bp 5 ° 25 30 35 40 45 


0 5 10 is 20 25 30 a5 


Class values 


Text-fig. 2. Asplenium Nidus. The histogram showing the frequency of the 
distribution of antheridia in the populations grown in the different concentrations of 
Knor’s solution. I (0.79%), I (0.359), IIE (0.1759%), IV (0.05894), V (0.01759¢), VI (dis. 
water). 
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It is observed that there exists a dioecious appearance among the fully 


’ 


grown prothallia. The ‘“ female” prothallia are always large and meristic. 
They bear antheridia but the number is usually very small and in many 
cases they are entirely free from antheridia, thus beimg purely dioecious 
“female.” Besides, some large, though sterile, meristic prothallia are often 
found. They are easily distinguishable beause of their good development of 
the thallus and the absence of sexual organs. yidently they are the 
younger stage of ‘‘female” prothallia which in later stages form archegonia 
with or without accompaniment of antheridia. Thus the archegonia-bearing 
prothallia seem to be differentiated from the early stage of their develop- 
ment. It seems that there exists a mutual relation between the archegonia 
and the antheridia forming capacity in the prothallia. When the antheridia 
are formed abundantly, the archegonia is suppressed, whereas when the 
archegonia are formed, the development of the other sex organ is entirely 
or partially suppressed. In this way there must have a negative correlation 
between the formation of archegonia and antheridia. A fuller discussion on 
this point will be given later. Further, the fact that the “female” and 
monoecious prothallia (only archegonia bearing and both antheridia 
and archegonia bearing) are always meristic suggests the existence of the 
following relation,—that the differentiation of the cells of the prothallia into 
meristic and ameristic i. e. differentiation of growing point, is in some way 
correlated with the formation of the archegonia. Some unknown physiological 
conditions in the cell which bring the differentiation of the growing point 
in the thallus eventually give rise to the inner physiological changes by 
which the archegonia are developed. We do not know the nature of the 
factors concerned in the differentiation of the prothallial cells, but it seems 
clear that the formation of meristem is only initiated where the nutrition is 
good. If the growth condition is unfavorable to the normal development of 
prothallia, either by the excess or the scarcity of the nutrition, the differen- 
tiation of meristem never takes place. Under such conditions the prothallia are 
remained to be ameristic, mostly irregular in shape, and bear only antheridia 
or sometimes the entire suppression of their development occurs. Humidity, 
temperature, light intensity and transpiration also play the important role 


in it. It is safe to assume therefore, that the favorable uutrition acts, at 
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least in indirect ways, as the determining factor for the archegonia forma- 
tion, for as we have seen already, the meristem differentiation is only pos- 
sible under favorable growth conditions and the meristem formation ultimately 
brings about the development of the archegonia on the same prothallia. 

The distribution of the archegonia in the different populations at the 


different stages of the development is given in the following tables. 


Table VII. <Asplenium Nidus.* 


Frequency in the distribution of archegonia (Aug. 6th—7th). 


Cult. No. Cone. aT) We? I 1 oe | 28 PR pe | 8 | 9) || 10) 10 |) 42) || 235) 14 
I 0.7 il ES s1e Olesen | Onn eden | OP Ol et: 8 
I 0.35 nha a} PA Na NO Oy |eal)e2 i 11 
Tit 0.175 oR ie a on Sm |i a m Coaa) CD al) ho) a I Th [pal | yy) ea Or || all \) ao) 
IV 0.058 al 1 
Vv 0.0175 0 
VI dis. water 0 
Total 


Table VIL. Asplenium Nidus.* 


Ditto. The condition in a month later (Sept. 4th—8th). 


T, 3 8 13 18 23 28 33 38 43 48 
Cult. No. Cone. G-5) | G-10) | G1-15) | (16-20) | C21-25) | (25-30) | (31-35) | (83-40) | (41-45) | 46-55) 

I 0.7 14 Gj 3 1 uf al 1 28 

Il 0.35 a bs 9 4 3 al 0 il 29 

Ii 0.175 24 11 4 6 4 3 1 1 1 1 57 
IV 0.058 0 

VA 0.0175 0 

VI dis. water 0 
Total 49 27 11 10 6 4 3 1 1 1 114 


* See explanation of Table V. 
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The marked increase in the number of archegonia formed by the 
individual prothallium as well as the total number for a population in the 
more matured stage is noted. In the first measurement, the highest class in 
the number of archegonia produced by a single prothallium was only 14, 
whereas in the last measurement the value increased as high as 53. The 
average number per prothallium also increased more than three times (com- 
pare Table I with Table IX). In comparing with the development of 
antheridia, it is shown to be that the development of archegonia requires 


much more time. 


Table IX. Asplenium Nidus. 


The formation of archegonia (Sept. 4th—-8th). 


| 
x : Arch. bearing ale and Total Average per 
Cult. No. Cone. Total proth. prothallia | sterile proth. | archegonia | prothallium 
I 05 123 28 95 189 1.53 
I 0.35 135 29 106 262 1.94 
Ill 0.175 249 57 192 898 3.60 
IV) 0.058 111 0 111 0 0 
Vv 0.0175 102 0 102 0 0 
VI dis. water 150 0 150 0 (0) 
Total | 870 | 114 | 756 | 1349 1.5 


Reference has already been made to the existence of dioecious tendency 
and the negative correlation between the archegonia and antheridia formation. 
As the following figures in Table X show clearly, about half of the 
individuals haying archegonia are stricktly dioecious, i. e. at the same time 
having no antheridia. Out of 114 archegonia-bearing prothallia, 54 bear 
only archegonia but no antheridia; the remainder bears the archegonia as 
well as the antheridia i.e. monoecious. Further it is observed that this is 
due to a peculiar phenomena of changing sex appearance according to the 
age of prothallia. Many archegonia-bearing (“female ”’) protiale which are 
classed under 0 class in respect to the antheridia in Table X, are in reality 
monoecious. At the basal part of the prothallia, rudiments of the dead, 


brownly colored antheridia are often found, but the exact number of them are 
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impossible to count because the thallus cells are also brownly colored in this 
region. Or in many cases, the formally antheridia-bearing region at the 
basal part has apparently been detached, perhaps by decaying; and only 
archegonia bearing prothallia are in reality a part of restituted old “male” 
prothallia. Thus the sexual character of the prothallia is changed at the 
different stages of their development. In the younger stage, they are 
“male ” and in the later stage they become “female” ; in another words, they 
may be said to be successively dioecious. Besides, many individuals are found 
to have both sexual organs at the same time. All these differences seem 
due to the influences of external factors. The correlation between the 
archegonia and the antheridia is negative as much as —0.28719 expressed by 


the coefficient of correlation. 


Table X. Asplenium Nicdus. 


Correlation between the number of archegonia and antheridia. 


Culture I (0.7 %).—Sept. 4th. 


X\*(6)) 9 | 7 | 12 | a7 | a2 | 27 | 32 | a7 | 42 | az | sa | 57 | 62 
YS) 
2 4 @ fer |) 212 sad a 1 | 13 
7 1 at] at ee 1 6 
12 2 || al 3 
17 3 | | 3 
22 1 1 
27 at | 1 
12 | 1 | 2| 2 | A | & | © | @ | Bo st oO WO I) a | ey 
Culture IT (0.55 %%).—Sept. 4th. 
*~ | 2| 7 | 12 | a7 | 22 | a7 | 3a | 97 | 42 | a7 | 52 | 57 | 62 
Y 
2 7 1 2 10 
vi 4 1 a || a 1 9 
12 3 it || 3 5 
17 ey || at 3 
22 | | 0 
oT 1 | | 
32 1 | | | 
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Culture TIL (0.175 9%). 


PrSee as | 2 | 7 | 12 | 17 | 22 | 97 | 32 | 37 | 42 | az | 52 | 57 
See 
2 @. eal 2 1 3 4 20 
7 5 ih e||) at 1 |i i || at 12 
12 3 1 1 1 6 
17 2 1 iy || at 1 6 
22 1 |e 1 { 
27 2 2 5 
32 0 
37 1 1 
42 2 2 
47 1 1 
52 1 1 
| 23 | 2 Pale aaa e 6 | o | 1 | 58 
Total of Culture J, II, and III. 
xX 2 hs 
i 2 | 7 | 12 | 17 | 22 | 27| 32] 37] 42) 47 | 52] 57 | 62 

2 17) || etal) ead eSeml) eo ee Se ce WP BL Wh 1 | 43 
7 10 3 2 5 io oh 1 27 
12 |e 1 |) a 1 1 14 
17 7 2 1 1 1 | 12 
22 2 ah |b at Pat 5 
27 4 2 1 7 
32 1 1 
37 1 1 
42 2 2 
1 
1 


X class=the number of the antheridia. 


Vs es 5 >, archegonia. 
M,,=16.035 +1.0298 MM, = 10.5087 + 0.6712 
0,= 16.287 0.7215 0, =10.4741 0.4716 


r= —0.287192-0.08131 
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B. Osmunpa Reaauis L. var. JAPpontcaA Minpr. 


The spores were collected in the spring of 1914 from the different 
individuals growing wild in the University grounds. The prothallia which 
are used for the experiments were taken from the individuals grown original- 
ly in the modified Kyopr’s solution lacking in magnesium salt (see Sec. IT.). 
Up to the time of transplanting, the prothallia had been grown normally 
but no sexual organs were present. The nutrient solutions and the other 
conditions were the same as those described in the case with Asplenium. The 
spores were sown on May 14th in Solution VI (see Sec. I.), and trans- 
planted on July 2nd. The condition at thirty-five days after the trans- 


plantation is given in the following tables. 


Table XI. Osmunda regalis var. japonica. 


(Observed Aug. 6-7. Spores sown May 14, transplanted July 2). 


Anth. avers Archeg. ay. 

Cult. No. Cone. Total proth. | Total anth. Total arch. per Sane a cools 
I 0.7 97 | 588 0 6.06 0 
I 0.35 122 752 0 6.16 0 
Til 0.175 95 470 0 4.94 0 
IV 0.058 76 266 0 3.50 0 
Vi 0.0175 86 267 0 3.10 0 
VI dis. water 86 145 0 1.68 0 
Total 562 2488 0 4.43 0 


Table XII. Osmunida regalis var. japonica. 


Alternative variation. Sterile vs. male prothallia. 


Cult. No. | Cone. ia om ieee || Ute oon ee 3 
il 0.7 97 37 60 38.1 61.9 48.56 
II 0.35 122 44 78 36.1 | 63.9 48.03 
TI 0.175 95 42 53 44.2 55.8 49.66 
Iv 0.085 76 19 57 25.0 | 175.0 43.30 
V 0.0175 86 28 58 32.6 67.4 46.86 
VI dis. water 86 36 50 41.9 58.1 49.34 
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The archegonia have not developed 
Vi ees up to this time. The development is 
much slower in Osmunda than in As- 
plenium ; though the difference in the 
nutrient solution in the early stage of 
the development of the prothallia must 

be taken into consideration. 
The development of antheridia comes 
under a similar category as in Asplenium. 
The size of the antheridia crop decreases 
as the concentration of the nutrient solu- 
tion decreases. It must be noted, how- 
ever, that in Osmunda the antheridia 
formation is quite possible even in the 
lower concentration whereas in Aspleniwm 
this is not the case. Prantt (1881) has 
already shown that the spores of Cerato- 
pteris thalictroides which are rich in reserve 
materials are able to form the meristic 

Text-fig. 3. Diagram showing in 


percent sterile and male prothallia prothallia for a while, even if they are 


grown in Kxor's solution of the AHREHS as grown in the nutrient solution lacking in 
concentrations. Black parts in the 


columns indicate the percentage of male nitrogen, but the prothallia of Osmunda 
EReEn regalis, Polypodium vulgare, and Aspidium 
Filix mas are unable to form meristem in the similar solution. The writer 
(1913) has also shown that the prothallia of Ceratopteris thalictroides are 
able to form the antheridia without addition of nutrient salts from without. 
Considering these evidences at hand, it seems certain that the reserve 
materials stored in the spores play an important role in the antheridia 
formation under insufficient nutrition. The spores of Asplenium Nidus are 
much smaller than those of Osmunda and evidently they must contain less 
amount of reserve materials which would supply some necessary substances 
for the antheridia formation. 

The relation that exists between the meristem differentiation and the 


archegonia formation holds good in Osmunda as in Asplenium Nidus. The 
€ 5 / 
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poor nutrition which allows the prothallia to grow only ameristic, is the 
determining factor for the archegonia formation in so far as the other growth 
conditions are the same. 

The high concentration as well as the low concentration is inhibitory 
for the development of archegonia and also reduces the number of antheridia 
formed. In another set of cultures, it was shown that the prothallia which 
have previously been cultivated in 0.6 per cent IxNop’s solution (Culture C) 
and transplanted in 2 per cent, they produced a very small amount of 
antheridia. The cells of these prothallia became roundish, and the short 
rhizoids grew from the upper portion of the prothallia and which is usually 


not the case with those which are grown in lower concentration. 


| | 
Averag 
Cult. No. Cone. | Total proth. | Sterile proth. Antheridia i eper 2 
proth. 
Cc 0.6 % 105 36 165 1.57 
I 2.0 75 71 7 0.09 
i 0.5 81 7 632 7.80 


The above measurement was made seventy five days after the trans- 
plantation was made. A marked increase in the average number of 
antheridia in Culture II seems to be due to the freshness of the nutrient 
solution which gave new start for growth. 

The distribution of antheridia in the different populations is given in 
the Table XIV (compare Text-fie. 4). 


Table XIV. Osmunda regalis var. japonica. 


Frequeney of distribution of antheridia. 


1 y 2 7 12 17 Op || By 32 37 

Cult. No.| Cone, (0-4) @-9) (0-14) (5-19) (20-24) (25-29) (30-34) (85-39) 
I 0.7 54 19 10 5 6 1 1 1 97 
I 0.35 66 23 1S Vil See: 5 2 123 
Ii 0.175 53 20 12 7 3 95 
IV 0,058 50 21 5 76 
V 0.0175 61 16 9 86 
VI dis. water. 74 11 1 86 
Total 358 110 50 253 14 3 1 al 563 
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The biometrical constants are as follows : 


Cult. No. Conc. 
I 0.7 
I 0.35 
Til 0.175 


M | 


6.948-+0.5093 
6.919-F0.3991 


6.053-0.3833 


7.437+0.3602 
6.563-£0,.2823 


5.539-+0.2714 


107.034+-9.4026 
94.863-+6.1876 


80.525-+5.9679 


Total population 


5.364-0.1564 


5.504-+0.1106 


102.610+-3.6341 


The coefficients of variabilities in Osmunda regalis ave much greater 
than those of Asplenium Nidus. As we see in the above table, C for the 
population in Culture I and that for the total population of all six cultures 
exceed by more than 100 per cent, that is to say, the variability of the 
population is more than one hundred per cent of its own mean. This is 
rather unusual, though such a case is also found in the fertility in the fruit 
of Crinum Longifolium (Harris, 1912, p. 80). 

The archegonia are found only in Culture Il and UI. In the higher 
concentrations, many meristic prothallia are found but the archegonia are 
not found in them. It seems that the possibility of archegonia formation is 
much less in the experimented material of Osmunda than that of Asplenium, 
though it is not certain whether this is also true in free nature. 

The idea was suggested that the liquid culture might be unfavorable to 
the development of archegonia so that the culture with the solid media 
The well 


developed prothallia grown in KwNop’s solution and bore nothing but the 


might give better result. Thus the sand culture was_ tried. 
antheridia were transplanted upon pure sand containing the same amount of 
Kyopr’s solution of the same concentration as in the liquid culture. A month 
later, the cultures were examined but the result was not very positive. 
Only four archegonia were found in the sand culture of 0.25 per cent 
Knop’s and the rest series of cultures consisting of 1.0 per cent, 0.5 
per cent, 0.002 per cent and the clay soil were all found to be destitute 
of archegonia. Perhaps it may require a longer time to. bring the prothallia 
to a fruitful condition. The condition in the liquid cultures was as 


follows : 


requencres 


FE 
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Class values 


Text-fig. 4. Osmunda reqalis var. japonica. Histogram showing the frequency of 
the distribution of antheridia in the populations grown in Kwor’s solution of the 
different concentrations (compare Table XIY). 


15 
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Table XV. Osmunda regalis var. japonica. 


Cult. No. Cone. Archegonia temarks 
I 0.7 — Many meristie prothallia. 
II 0.35 40 
Tit 0.175 4 
IV 0.058 - 
vi 0.0175 — Few 
VI dis. water — Very few ,, 


It is observed that where the ameristic, filamentous prothallia which 
previously grown in the liquid culture are transferred to the sand culture, 
they are able to form one or more meristems from the different parts of 
prothallia. Each of these meristic parts are notched and normally heart 
shaped bearing abundant antheridia and few rhizoids (see Text-fig. 5). 
When they are fully developed, they are detached from the older portion 
at the slender parts, thus the prothallia of 
Osmunda are able to propagate themselves 
purely in an asexual manner. 

Tn comparing the data thus far obtained 
in the two species, we see that the average 
number of antheridia produced per pro- 


thallium is much less in Osmunda than in 


Asplenium (compare Text-fig. 6). The an- 


Text-fig. 5.  Osmunda regalis var, theridia producing capacity seems stronger 
japonica. A stage in the vegetative 


in the latter, even if they are grown with 
propagation of a prothallium. 


the same strength of the nutrient solution 
under the similar other external conditions. There is a gradual decrease in 
the number of the sterile prothallia in Asplenium Nidus as the concentrations 
of the nutrient solutions decrease. The reaction of the nutrient strength on 
the sex development is thus directly manifested, but in the case with 
Osmunda the reaction is not so regular as in the case with the former. 


No corresponding increase in the number of sterile prothallia according to 
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the decrease in the concentration of the nutrient solution is in any way 


manifested which, however, 
is the ease with Asplenium 
Nidus. his is perhaps 
due to the fact that the 
spores of Osmunda may 
contain more necessary 
reserve materials for the 
sex development than that 
of  Asplenium, thus the 
external influences may 
not be so regularly mani- 
fested. As the antheridia 
formation is possible in 
the lower concentration in 
Osmunda which is lacking 
in Asplenium, the stan- 


dard deviations of the 


Wi Vy Vv V I I It 

‘Text-fig. 6. Diagram showing the influence of con- 
centration of Kyor’s solution upon the formation of 
antheridia in Osmunda (shaded column) and in Asplenium 
(white column). The height of column indicates the 
average number of antheridia per prothallium., The 
figures at the foot of each column indicate the culture 
number. I (0.79%), IL (0,359%), IIL (0.1759), IV (0.08596) 
V (0.01759), VI (dis. water), VII (‘Total). 


alternative variations between the sterile and fertile prothallia in the lower 


concentrations are always higher in the populations of Osmunda than those of 


Asplenium Nidus. As the majority of population belongs to either one of the 


two classes, the value of ¢ approaches to zero. 


The different tables given in the previous pages are shortly summarized 


here. 


Average antheridia per prothallium. 


I 
I 


VI 


Total 


1. Table XI. 
2, Table I. 


Osmunda Asplenium 
6.06 } 17.14 2 
6.16 13.11 
4.94 16.77 
3.50 6.20 
3.10 0.09 
1.68 0 
4.42 9.93 
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ISABURO 


NAGAT: 


IT —! 0.40 2 
II 40? O.8L 
Til 4¢ 0.808 
LV —_— 0.02 
Vv = 0 
VI — 0 
Total _ 0.36 


Coef. of variability (C) in the 
number of antheridia. 


I 107.034+-9.4026 ° 61.019+-3.9432 © 
I 94.863-+-6.1876 70.818+6.9478 

iit 80.525-+5.9679 68.633--6.0353 

IV — 88.682+6.7843 
V — = 

VI — _ 

Total 102.610+-3,6341 95.711+3.5403 
Alternative variation (5) sterile vs. 
fertile prothallium. 

IT 48.56 7 27.748 

I 48.03 29.87 

Tit 49.66 25.00 

Iv 43.30 46.65 

Vi 46.86 12.55 

VI 49.34 0 


II. The Influence of the different Kinds of 
Nutrient Solutions. 
In order to compare the influence of the different nutrient solutions, the 


spores of Osmunda regalis var. japonica, the same material used for the 


previous experiments, are sown in the following nutrient solutions : 


1. Table XV. 

2. Table I. 

3. Total number. 

4. Total number. 

5. Table XIV. 

6. Table V. 

7. Table XII. sterile vs. male. 
8. Table II. 
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I. The full nutrient solution (Kvor’s). II. Nitrates replaced by chlorides. 


Ca (N Os)> 4 part Ca Ci, 4. 
KH, PO, 1 KH, PO, 1 
K NO, J KCl 1 
Mg SO, 1 Mg SO, il 
Fe, Cl, trace Fe, Ol, trace 
III. Phosphate replaced by chloride. IV. Potassium replaced by sodium. 
Ca (NOs3), 4 Ca (NOs), 4 
K NO, il NOE BOD 1 
Mg SO, 1 Na NO; 1 
KC 1 Mg SO; il 
Fe, Cl, trace Fe, Cl; trace 
V. Calcium replaced by sodium. VI. Magnesium replaced by sodium. 
Na NO, a Ca (NOs), 4 
KH, PO, il LEFeL, JE), iL 
K NO; 1 K NO, iL 
Mg SO, 1 Na SO, I 
Fe, Cl; trace Fe, Clg trace 


VII. Cane sugar. 

The solutions are made up to 0.58 per cent except the full nutrient and 
the cane sugar solutions which are made up to 0.5 per cent. The solutions 
are made with sterilized distilled water, but the spores are not sterilized 
except for the sugar solution. It is possible to sterilize the spores of 
Osmaunda without injuring their vitality. The method used is as follows. 
The spores are dipped into absolute alcohol for one minute, then immediately 
transferred to the sterilized distilled water which is kept in the sterilized 
Petvi-dish. The spores are transferred to the sugar solution (also previous- 
ly sterilized) by the sterilized pipette. Two weeks later, the culture is 
examined and the small prothallia are found at the bottom of the culture. 
The spores which have been treated with the alcohol, cannot remain floating 
on the surface of the nutrient solution, whereas those which are not treated, 
are able to remain on the surface of the solution and able to develop into 
the matured prothallia. There is a great difference in the growth condition 


between the prothallia which are grown on or in the nutrient solution. 
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Transpiration is prohibited if they are allowed to grow under the sub- 
merged condition, and the transpiration is one of the important factors 
in the sex development in fungi, and algae (cf.’ Kreps, 1904). 

The prothallia in the sugar solution are thus grown entirely under a 
submerged condition, though the antheridia are formed normally (see Table 
XVI and XVII). In the latter part of the experiment the contamination of 
species of yeast and Mucor is noted, though it was very slight and the 
culture remained clear till the end of the experiment. 

The spores were sown on May 14th. Each culture contained 45 c.c. 
of the solution. The germination began as early as five days after sowing 
in almost all cultures. They were kept in the laboratory whose temperature 
in May was 17°C to 25°C and during the hotest months in summer reached 
over 32°C. The effects of the different nutrient solutions on the development 
of the prothallia are manifested in the very early stage. On May 25th, 
(twelve days old) the following observation was made. (1) The growth is 
very weak and the rhizoids are very short in Solutio V. (2) The 
prothallia in Solution VI (—My) have long rhizoids, but the growth of 
thallus is not so good as those in Solution JI, III, and IV. (3) No marked 
difference in growth is observed in Solution II (—V), III (—P), and IV (— K). 
(4) The growth is slightly better in the full nutrient than the above three. 

The condition on June 2nd (nineteen days old) was as follows. (1) 
Those in solution V are very poor. All dwarfed, and some adventitive 
growth begun. (2) Those in Solution TIT are better than those in 
Solution V. The prothallia are more or less regularly shaped, but not 
notched (no meristem differentiated). (3) Those of Solution II and IIT grew 
more or less in filamentous form. (4) The growth in the full nutrient 
solution is practically the same as that in Solution If and IL. 

In order to insure the purity of the solution and to compare with the 
other, on July 10th, one of the duplicate cultures of each solution was 
replaced by the freshly prepared 0.7 per cent solution of the same constitu- 
tions respectively. The condition of cultures at the 46th day was summa- 


rized as follows: 
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No. Sol. Cone. Condition Antheridia Arche- 

gonia 

il I (—N) 0.58 Pale green, abnormal starch. many —— 

ti It (—N) ha Greener than 1, abnorm. starch. few — 

2 Il (-—P) 0.58 Green, filamentous, ameristic. many —= 
> 0.58 — SES Pn ey satin very 

8 Ii (—P) OT Green, filamentous, ameristic. few — 

3 V (—Ca) 0.58 Dwarf prothallia, branched ameristic. === — 

4 V (—Ca) eae Almost all of them Killed. . —— 

5 VI (—Mq) 0.58 Green, ameristic, normal starch. ee — 

= 

6 VI (—Mq) Nee Green, ameristic, normal starch. - — 

9 IV (—K) 0.58 Green, ameristic, normal starch. few — 
- - 0.58— 5 an a Ss 

10 IV (-K) 0.7% Green, branched irregularly. few — 

12 Cane sugar 0.5 Pale green, dwarf, abnom. starch. many — 

11 Kwor’s 0.5 Deep green, more or less filamentous. few —. 


There are more or less distinct different forms are recognized in the 
prothallia of different cultures. For conyenience’s sake they may be grouped 
under the following fou types, namely ; 

(1) Filamentous, comprising two or three rows of cells; lone stretched 
ribbon-like or filamentous in shape. Those which are grown in the Cultures 
1, 7, 2, 8, and 11 came under this type (Pl. X, fie. 1). This type occurs 
also in overcrowded sowing, grown under weak light, and in darkness. A 
good example of that is seen in Ceratopteris grown in absolute darkness 
(Nacar, 1913, p. 289). 

Kyy (1872) observed the linear arrangement of the chlorophyll bodies - 
in the cells of the prothallia of Osmunda regalis. The similar appearance 
is well observed in the Pl. X, fig. 1 (compare Kyy’s figure Tafel III, fig. 9). 

(2) More or less elongated spoon-shaped. This is an intermediate 
form between normally heart-shaped, meristic and the filamentous, ameristic 
prothallia. Those in Culture 5 and 6 belong to this type (Pl. X, fig. 4). 

(3) Tnregularly branched. This type of prothallia belong to neither of 


the above two. The marginal cells branched out more or less adventitiously. 


Since July 10th in 0.79¢ solution. 
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An example is seen in Culture 3 (Pl. X. fig. 3). 

(4) Normally heart-shaped, meristic prothallia. Naturally these group- 
ings are approximate and arbitrary, many intermediate forms can be 
found. It is evident, however, that the concentration and the different kinds 
of nutrient solutions are able to modify the growth of prothallia from the 
normal type to diverse anomalous forms. 

Further, the influence of the different solution on the sex development 
is observable. The measurement of the number of antheridia produced in 
the different cultures are given in the Table XVI and XVII. 


Table XVI. Osmunda regalis var. japonica. 


The influence of the different nutrient solutions (observed July 28th, 76 days 


after sowing). 


Y S ey Total Sterile Total Antheridia Starch 
.No.| Sol. No. : , do 
cate el. Ho one prothallia | prothallia antheridia | per proth, content 
1 | IL (—)) 0.58 30 ? 44 1.45 | 
0.58 80 tos (?) !s0 1.00 abnormal 
7 (=) eee 50 25 36 0.72) | 
2 Il (—P) | 0.58 a 13 65 1.30 | 
50 13 65 1.30 norma 
ose} _. } fee | 
8 Ill (-—P) 07 — = —— ~ 
3 V (—Ca) 0.58 ig ?. 1) 
0.58 = — at —_— normal 
4 V (—Gs) | ov — = a= 
5 VI (—Mq) | 0.58 100 100 0) 0 
Pultons fog taro jo to normal 
6 | VI(-Mg)| 97 | 119 119 0 0 
9 IV (—K) 0.58 50 43) Ff 0.14 
058 tos j 43 (?) ht boas normal 
10 IV (—K) | 57 43 ? 7 0.16 
12 Cane sugar | 0.5 24 ? ty 36 abnormal 
11 Knopr’s 0.58— 50 19 106 2.12 normal 


not observed. 
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Table XVII. Osumuda vegalis var. japonica. 


Same as Table XVI, observed Aug. 20th (99 days). 


aie Antheridia 
Cult. No. Sol. No. Cone. Total | Sterile Total average 
prothallia prothallia antheridia per proth. 
1 I(—N) | 058 68) | 18) 70 1.08 
Ne eam: | j28 bin loot 
7 Tit (=a) ie 46 10 41 0.89 
2 eat (HP) 0.58 a7 | 14 75 | 043 
Gao j toe La Los loa 
8 I (=P) 2 | 47 a8! 20 0.90 
0.7 
3 V (—Ca) 0.58 “| 40) 6 0.12 
< 47 40 bs loss 
4 V (—Ca) DOSS |) dena Bi) = sh 
5 VE (—Mq) 0.58 59) 58 1) 0.02 
113 112 jt fo.00s 
6 VI (—Mq) Le sal Bd 0 0 
OY A cane 9) 0.58 49 39 12 0.24 
ieee |103 les bg boas 
10 IV (—K) ie 54 39 17 0.31 
12 Cane sugar 0.5 56 0 56 1.12 
1 Knop 0.5— 88 22 266 3.32 


The culture with cane sugar and with Solution II come next to the 
control culture in respect to the number of antheridia produced, showing 
that the slight amount of nitrogen is quite sufticient for the formation 
of antheridia. Number of antheridia is less in the series of cultures 
whose solutions have been changed. This is due perhaps to the fact 
that the renewed solutions are purer in respect to the elements replaced, 
and the raised concentration (made twice as strong as the original) 
might accelerated the injurious effect due to the absence of the specific 
nutrient mineral salt. ‘Two phases can be considered in the action of different 
nutrient solutions on the prothallia. One is the direct effect of certain 
nutrient mineral salt which is in lacking and the other is the effect of the 
balance of the nutrient elements especially with reference to sodium, calcium, 
and magnesium. 

The prothallia grown under a deficiency of nitrogen, cannot perform 
full growth, though capable of producing the antheridia. Whereas with 


those which are grown under magnesium hunger, the growth is not much 
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hindered but the development of sexual organs is almost completely suppres- 
sed. Jn normal Kyor’s solution, the vegetative growth of the prothallia of 
that extent as does in magnesium hunger easily brings about the antheridia 
formation, but in the case with Solution VI no antheridia is formed. It sug- 
gests that magnesium is essential to the antheridia formation in Osmunda. 

In the cells of prothallia grown in Solution IL, starch is accumulated in 
abnormal quantity. The normal green color of the chlorophyll is changed 
to pale yellowish green. A similar condition is found also in the sugar 
solution. The accumulation is more pronounced in the latter. The 
chlorophyll bodies are entirely filled with starch grains. These prothallia 
do not reach more than twenty cells but the antheridia are well pro- 
duced and the number of sterile individual in the culture is very small 
(Table XVI). 

The deficiency in phosphate (Solution IIT) and potassium salt (Solution 
IV) seem to play less important role in the antheridia formation, thus 
the prothallia grown under such conditions, are able to form antheridia in a 
considerable amount and no abnormality in starch content in the chlorophyll 
bodies is observable. On the other hand, the effect of calcium hunger (Solution 
V) is somewhat pronounced. The prothallia in Solution V are dwarfed. 
Many cells die early. The sign of injury is manifested already nineteen 
days after the spores are sown. In the refreshed solution, the prothallia are 
killed entirely and the brown colored substance is markedly produced in the 
dead cells. Few individuals survived in the unrefreshed solution, but the 
growth was extremely unhealthy. The injurious effect of this solution may 
not due only to the absence of calcium but also to the excess of sodium salts 
in the solution which might have exerted a deleterious action. In any 
culture, no archegonia is found; this gives a further evidence for that 
much more favorable growth condition is necessary for the development of 


archegonia than that of antheridia. 


III. On the Osmotic Relation to Sex. 


The recent investigations of SprecnEr (1915) and Tournors (1914) on 


Cannabis, Rumex, and Humulus bring out the problem of the difference in 
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the osmotic pressure and its relation to sex in these dioecious plants. 
SprecHer finds that the average osmotic pressure of the sap from the male 
plant of Cannabis sativa is 10.578 atmosphere whereas that of the female plant 
is 10.104; for Rumex acetosa, the difference is 7.67 to 7.21. He thinks, how- 
ever, that such a difference in the osmotic pressure of the extracted saps 
from the male and female plaus are not due to the difference in sex but 
to that of the stage of development of the plants. For, the male plants 
mature much earlier than the female, thus the measurement of the pressure 
at the same period would not give the pressure of the sap of the nearly the 
same stage of their development. He states, “le difference de pression 
osmotique entre plantes males et femelles est simplement une questian de 
développement” (p. 341). Though Tournots holds the view that the dit 
ference in the osmotic pressure in Humulus is diveetly related to the sex of 
the plant. “Les variations sexuelles semblent dépendre des variations de la 
pression osmotique.” The decrease in the osmotic pressure in the male plant 
can determine the appearance of the female flower or the female organs. 
The rise in the osmotic pressure in the female plant, though very rare, 
decides the appearance of the male organs or plant from the females. 

These accounts in view, the measurement of the osmotic pressure of the 
cells of the prothallia is made. The plasmolytic method is employed. It is 
found that the osmotie pressure of the prothallial cells is very variable 
according to the individual prothallium as well as in the different parts of a 
sinele prothallium. It is clear, however, that the osmotic pressure of the 
cells at the region where the archegonia are formed is always higher than 
that of the remaining part where the antheridia are abundantly formed. 
It seems highly probable that this difference is simply due to the age of the 
cells, for the cells of the archegonia-bearinge portion are comparatively 
younger than the rest. The cells of the former portion rest near the 
meristem whose osmotic pressure must be higher than the older cells. It 
may be, therefore, that the osmotie pressure of the cells that give vise to 
archegonia is higher than that of those which give rise to antheridia. 

Further, the osmotic pressure of the prothallia is higher in those which 
are grown in the nutrient solution of the higher concentration than that 


of those which are grown in the lower concentration. In another words, 
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the cells of prothallia exert the osmotic autoregulation to the external 
media. The threshold concentrations are determined by the cells of the 
lowest turgescence in each prothallium so that the osmotic pressure of 
the cells at the archegonia-bearing region should be much higher than that 


so obtained. 


Table XVUOI. Osmunda regalis var. japonica. 


The average osmotic pressure of the prothallial cells. 


Cone. of media Media amr ie i** O. P. at 20°C 
1 % Knop sand N 0.1830 17°C 1.8101 7.473 atm. 
0.5 a3 liquid | N 0.1290 19°C 1.8303 5.340 ,, 
0.35 £ liquid | N 0.1290 19°.5C 1.8303 5.340 
0,25 5 sand N 0.1034 17°C 1.8442 4.280 
0.025 a liquid NV 0.1105 17°C 1.8395 4.813 


Table XIX. Asplenium Nidus. 


The average osmotic pressure of the prothallical celles. 


Cone. of media Media peed cone, t i | O. P. at 20°C 
ING C 
| 
0.7 %% Knop liquid N 0.1406 21.5°C 1.826 5.808 atm. 
0.35 * . N 0.1375 20.5°C 1.827 5.688, 
0175, : N 0.1344 21.5°C 1.828 5.526 


The difference in the osmotic pressure in the two species grown in the 


same concentration is determined by a parallel test. 


| Cone, ecm t | i | O. P. at 20°C 
Asplenium Nidus 0.35 9 NV 0,1285 20.5°C 1.827 5.688 atm. 
Osmunda regalis 0.35 % NV 0.1375 21.5°C 1.8266 GAT, 


t=room temperature. 
i=coef. of dissociation. 


: 
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It shows that the osmotic pressure in Osmunda is practically the same as 
that of Asplenium. ‘The highest osmotic pressure is found in the cells grown in 
the highest concentration and the difference between the highest and the lowest 
is more than 3.19 atmosphere at 20°C. Considering that the archegonia are 
not formed in the culture of high concentration as well as in the low in 
Osmunda (between 0.35—0.175%), there may exist some relation between 
the archegonia formation and the specific osmotic pressure. In the case with 
Asplenium, the archegonia is formed from 0.175 per cent up to 0.7 per cent 
Kyop’s solution, though the optimum concentration is also found in 0.35 
per cent as in the case with Osmunda. The osmotic pressures of the cells 
grown in that concentration is 5.647 atmosphere for Osmunda and 5.688 for 
Asplenium. Therefore the osmotic pressure lying somewhere at 5.6 atmosphere 
at 20°C may be considered as the optimum osmotic pressure for the 
archegonia formation for the prothallia of the experimented two species. The 
antheridia are able to be formed from 7.4 to 4.2 atmospheres which are the 
two extremes of the studied concentration in the case with Osmunda. 

In view of the data at hand, it is far from satisfactory to draw any 
conclusion from the sexual difference and its relation to the osmotic pressure 
in fern prothallia. The assumption seems improbable that the permeability 
of the plasmic membrane, with its extreme susceptibility to external influences 
and its highly complex physiological, autoregulatory changes, cannot exert an 
influence upon the difference in osmotic phenomena of the cell which is 


regarded as solely due to the difference in sexuality. 


IV. On the Starch Accumulation. 


The attention has already been made to the abnormal accumulation of 
starch in the cells grown in the nutrient solution lacking in nitrates and in 
sugar solution. The fact is noted by Pranrn (1881), Reep (1907), and 
the writer (1913) in the different species of ferns. The prothallia of 
Osmunda grown in cane sugar (0.5 per cent), in the nutrient solu‘ion 
without nitrate, and that of Asplenium grown in the distilled water showed 
marked starch accumulation in the chlorophyll bodies (see Text-fig. 7). But 


those grown in the nutrient solutions lacking in phosphate, calcium, 
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magnesium, and potassium respectively did not show any abnormality. This 
suggests that the phenomena are in someway connected with the deficiency 
in nitrogen. In order to ascertain whether or not the nitrogen hunger is 
actually one of the cayses of starch accumulation, the following experiment 
is‘ conducted. 

The prothallia ‘which are rich in starch and have been grown in 
Solution IT (0.5 per cent without nitrates) are transferred to 0.1 per cent of 
the different kinds of nitrates and ammonium salt solutions. Soon after 
the prothallia are, supplied by nitrogen, the accumulated starch begins to 
diminish. It is Fan: however, that the ammonium salts and asparagin 
solutions are injutious to the cells, being many prothallia are killed within 
a short time after ‘they have been transferred. This is perhaps due to the 
alkalinity of the solution. Whereas the nitrate solutions are not at all 
injurious and they gave a new start for growth and the formation of 
antheridia. After two weeks, the cells in all cultures recovered their 
normality and the abnormal quantity of starch is diminished. The condi- 


tions of cells at the different periods are tabutaled here : 


Solution Previous cond. After 6 days After 10 days 


CH, (NII,). CO,H| Abnomal starch, pale} Most of them died, 


CH,. CO. NH, yellowish green. fungus infection. Kalled.- 
Dales kvellaw - Many died. starch normal. 
(VH,) V0; do tte ellow, gin ease slight new growth, many 


died. 


Ue Many died. fungus infec- 
NH, Cl do tion. Slightly new growth, 
fresh green color. 


Starch normal, new growth 
and new antheridia. 


Va NO. ‘do New growth, many still | Pale green, almost normal 
te abnormal starch content. with few exceptions. 


ee Very healthy, green, new 
K NO, do New growth. growth. Normal starch 
: except few abnom. 


New growth, starch con- 
4 (NT z : 
Ca (NO3), 5 do tent normal in many in- 
dividuals. 


Healthy, normal starch 
with few exceptions. 


Very healthy, strong new 
growth. normal — starch 
with few exceptions. 


Green, starch cont. nor- 
Knop’s do mal. New antheridia, and 
new growth. 


Control do No change No change 
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Whether or not the abnormal accumulation of starch is chiefly due to 
the inefficiency in the dislocation of starch formed in the chlorophyll is 
studied in the following experiment. The prothallia which have long been 
grown in the nutrient solution lacking in available nitrogen are placed in 
the dark together with the parallel culture of control which have been grown 
normally in 0.1 per cent Kwop’s solution. At the end of two weeks 
it is found that the starch is still abundantly present in the cells grown in 
the solution lacking in nitrates. Whereas in the cells of the control culture, 
even ten days after the light was excluded, no starch was tested by 
potassium iodide iodine solution (IKI). The mortality of the cells in 
both cultures is tested by plasmolysis. They are placed in 20 per cent 
Na Cl solution and they are immediately strongly plasmolysed, show- 
ing that they are still alive in spite of their extremely unhealthy 
appearance, 

The above fact shows, if not 
conclusively, that the normal catabolic 


re processes of the photosynthetic 


@D ace % g products are prohibited or at least 
3.00 2 
P Be & strongly weakened by the ill feeding, 


thus the cells still contain abundant 
starch even when they are allowed 


= to stand for two weeks in the 


9 
®& One : 
Q g, Boe ZOks 6) absence of light. Presumably a 
wie ae BPE ; 
0 


4 normal supply of nitrogen is neces- 
e sary for the realization of the normal 
Text-fig. 7. A-B. Osmunda reqalis var. funetion of cell activity to dislocate 


japonica. A. Normal starch in the chloro- 
phyll bodies. VY. Nucleus, 35 days in Knop the starch. 
0.1 per cent formally grown in Knop with- 


out nitrate. x*113. £6. Abnormal chloro- NATHANSOHN (1910, p- 96) states 
phyll bodies filled with starch, grown in N 
Knop without nitrate. x 113. C-D. As- the evidence of the plasmolytic 


plenium Nidus. C. Normal starch. Knop : . 
0.35 per cent. x 260. D. Chloroplyll bodies, method of acceleration of physiology 


grown in distilled waters x 260. 
of assimilation. The  starch-freed 
leaves of mosses are able to synthesize starch by treating them with a strong 
solution of cane sugar or some inorganic salt solutions which cause plasmo- 


lysis. Recently LunpEeGarDH (1913) studied the physiological conditions of 
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a 


starch = oil, and starch @ sugar relations in many oily and starchy seeds 
as well as in the green leaves. He has shown the elevation of concentration 
of cell sap either by drying or plasmolysis can change the equilibrium, 
though negative to NATHAHSOHN’S statement. He assumes that the action of 
plasmolysis is such a nature as to change the permeability of the surface 
layer (“ Hautschicht”) rather than the concentration of the cell content (p. 


450). However, further studies are much required. 


V. Discussion. 


The cytological evidences which support strongly the view of progamic 
and syngamic determination of sex in animals are decidedly negative in 
plants. The only literature at the writer disposal is the work by STEvENs 
(1912). In the heterostylous plants, Fagopyrum and Houstonia, the in- 
vestigator found that the chromosomes of the short-styled form have a dia- 
meter nearly twice as great as do of the long-styled form (cf. his fig. 14, 15 
with 16 and 17). “The “central” chromosome is apparently considerably 
larger in one of the daughter nuclei of the heterotypic mitosis than is its 
synaptic mate in the sister nucleus,” and “it bears a striking resemblance, 
however, to the condition found in the sperm mother cells of Lygaeus and other 


” 


insects in which there is an “x” chromosome which has as a synaptic mate 
a smaller “ y” chromosome.” However, the evidence is not convincing enough 
to extend the chromosome theory of sex determination in plants. Many 
other investigators fail to discover any morphological difference in the 
chromosomes of the hermaphroditic and dioecious plants. 

Inasmuch as the sex element is morphologically indistinguishable in the 
nuclear substances of the plant cells, the problem of sex determination 
cannot be attacked from the cytological investigations. Light must be given 
from experimental hybridization and physiological studies. Very important 
evidence in regard to the predetermination of sex is that given by BLAKESLEE 
(1904, 1906) on Phycomyces and other genera in Mucorineae. He has 
shown that the zygospore is formed only when the two different strains of 
mycelia plus and minus meet. Plus mycelium meeting with plus is never able 


to produce zygospore, neither the neutral with neutral nor minus with minus 


ist) 


ox 
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mycelia. The neutral mycelium is, howeyer, able to produce plus and minus 
mycelia by the asexual reproduction, thus it can be considered as bisexual. 
Further evidence is given by Burcrrr (1912) who has shown that the 
artificial mixing of the plasms of the two strains is able to change the 
sexuality of the mycelium thus mixed. Whereas the plus mycelium 
is neyer able to produce minus mycelium nor vice versa, but the mycelium 
which contains the plasms of the two by artificial grafting, is able to 
produce both kinds plus and minus, thus he verified BrackEsiEr’s idea of 
the bisexual nature of the neutral mycelium. The presence of plus and 
minus strains is extended to Glomerella by EpcErron (1914). His investi- 
gations show that the fusion of the two strains brings about the formation of 
ascus on the boundary lines where they come together in a plate, and it is 
proved to be that the both strains are present not only in a single peri- 
thecium but that they also present in a single ascus, for, they are found 
in the colonies deyeloped from spores that formed in one of the colonies 
from a single ascus. 

HARBERLAND? (1869) found in hemp that sex is determined in the seed 
of the parental plant and that the nutrition, the time of sowing seed, and 
the like have no influence on the sex proportion of the progeny. Likewise 
Heyer (1884) arrived at the conclusion that the influence of external condi- 
tions do not change the sex proportion in hemp. Among 40,000 individuals 
under examination, he found the sex proportion as 100 males to 114.93 
females. FiscH (1887) gives the following proportion, 100 males to 154.23 
females. He believes that the sex proportion in hemp is constant at least 
in the race which he worked on. The deviation from this average never 
exceeds more than 5.5 per cent. The germination of the seeds or the 
development of the plants have no influence on the above proportion. 

SprecHER (1915) came to the conclusion that the sex proportion in 
Cannabis and Rumex is independent of manuring. The size of the seeds in 
Rumex has no influence in the sex proportion. He finds the proportion in 
Rumex 100 male to 241 females, and in Cannabis 100 male to 112 females. 
Further he finds that the osmotic pressure and the mineral and the organic 
matters contained in the extracted juice from the male and the female plant 


is different. In regard to the osmotic pressure, reference has already been made 
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in Section III. There is 10 gramme per litre excess dry matter found in 
the extracted sap from the male plants than that found in the sap from the 
female plants. But the ash content of the sap from the male is less than 
that of the female, and reversely, the organic matter is 12 gramme per litre 
more in the sap from the male plant than that from the female plants. He 
deducts, however, that these differences are not due to the difference in sex 
but that of the stages of development of the plants. In his own words, 
“Tes substances organiques s’accumulant avee le développement maximum 
de la plante, les males seraient done & un stade de développement plus 
avaneé que les femelles et la difference entre la pression osmotique des deux 
sexes ne constitue nullement une différence essentielle, mais seulement 
temporaire, due X des degrés divers de développement. Denx individus 
ayant le méme nombre de jours d’existence ne sont pas foreément du méme 
dge au point de yue physiologique. C’est surtout le cas ici, ot il s’agit de 
plantes miles et femelles; la plante male, ayant terminé le cycle de son 
développement plus tdt que la femelle, est par conséquent plus avancée au 
moment de la floraison” (p. 351). Cook (1914) observed also the sexual 
inequality in the development. While the female plants grow vigorously, the 
male plants cease their life cycle even grown under the same conditions. 
The marked difference in the behavior of the two sexes of the same plant 
suggested to the investigator the idea of a sex-limited environmental character 
and ‘certainly there is no general reason or analogy for believing that sex 
alone would explain so great a difference of behavior under the same 
condition” (p. 203). According to Wrstrr (1914), CresimesKr found that in 
Cannabis and Spinacia the sex is determined by age of the pollen at the 
time of fertilization. When fertilized with the younger pollen, he is said 
to have obtained the higher percentage of male plants and when plants 
fertilized with the older pollen, the higher percentage of female plants 
in the progeny. 

Another set of data is also at hand which seems to show the contrary 
evidence, namely that the environmental influences are effective. LEYDECKER 
and Bromryer find that in Cannabis the weight of the seed and the time of 
harvest have no influence on the sex proportion of the progeny but 


the vich soil tends to increase female individuals and the poor 
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soil tends to give male plants in greater proportion. Motziarp (1898) 
believes that the environmental influences are effective on the sex deter- 
mination in hemp but the chemical nature of the soil, the humidity, and the 
temperature are not the factors, but the intensity of the light is effective. 
But his result was not verified by SrrasBuRGER (1900). 

Laurent (1904) finds in Spinacia that the manuring has a_ direct 
influence on the sex proportion. An increase in the males is found by 
manuring nitrate and lime, whereas the application of potassium or acid 
phosphate tends to inerease the females. Such influences are not only 
limited to the mother plants but also extend to the offspring obtained from 
the treated plants. The seeds from the plants manured by nitrate give 
more females than males, whereas the seeds obtained from the plants 
manured by the potassium, phosphate or calcium give the contrary. 

Dacknowskt (1907) was able to show that the sex development in 
Marchantia polymorpha are responsible to the external influences. The 
high intensity of light and extended exposure to the same are the neces- 
sary conditions for the development of the reproductive organs, first the 
male and later the female organs appear. ‘The same relation holds good also 
with the blue and red ray of light. If the thallus is allowed to grow under 
high humidity with weak light, the development of the sexual organs is 
entirely suppressed. Transferring the thallus from the atmosphere to the 
water or to weak Kyop’s solution (0.1 per cent), the formation of gemmae 
and the sexual organs are also suppressed. ‘The influence of poor nutrition, 
crowded growth of thalli and the combinations of these conditions are seem- 
ingly unimportant. The sex proportion in a culture of 173 plants, grown in 
a high intensity of light and humidity for three months, was 85 per cent 
male to 3 per cent female. He holds the iview, however, that the sex in 
Marchantia is determined already in the gemmae and the influence of strong 
light accelerates only the development of antheridia on the thalli which 
are developed from the male gammae. 

A somewhat similar view is held by Tournois (1914) who made an 
extensive study on sex in the species of Humulus. He was able to show that 
the external conditions, particularly the humidity of atmosphere and the intensity 


of light are able to transfer the male plant to functional monoecious plant 
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(“fonctionuellement monoiques”’) or to the exclusive female plant (‘* exclusive- 
ment femelles’’). Further, the male organs in the male flowers, can be 
“substituted” or ‘“ superposed” by the stigma or sterile curpels. He 
believes that these modifications are due to the change in the osmotic 
pressure of the plant or the organs. The higher or lower rate of transpira- 
tion increase or decreases the osmotic pressure of the plants under subjection 
to these causes, and the decrease in the osmotic pressure in the male plant 
‘an determine the appearance of the female flower or the female organs. 
The vise in the osmotic pressure in the female plants, though very rare, 
decides the appearance of the male organs or the plant from the females. 
He finds, however, that the transformation of sex is never definite and the 
initial sex reappears when the modified plants are replaced under normal 
ervowth conditions. He comes to the conclusion that the sex in Humulus is 
rested in the ‘ preponderant” factors in the particular constitution of the 
ego. 

The extensive Mendelian studies led Correns (1915) to the view that 
the sex is chavacteristically hermaphroditic in its genotypic constitution, and 
that the suppression of the male part in “ Anlage” or in the characteristic 
gives rise to females, and that the suppression of femaleness gives rise to 
males. ‘ Beide sind, ihren Anlagen nach, eigentlich Zwitter.” “Die 
Geschlechtsbestimmung kann nicht darin bestehen, dass dem einen Individuum 
mannliche, dem andern weibliche Anlagen zugeteilt werden. Sie muss viel- 
mehr dadurch zustande kommen, dass nur ein Teil von den wtberhaupt 
entfaltbaren Merkmalen zum Erscheinen bestimmt wird, mag es sich nun 
um die direkte Forderune dieses einen oder um die Hemmung resp. 
Unterdriickung des andern Teiles handeln. Wird z. B. der miinnliche Teil 
der Anlagen oder Merkmale unterdriickt, so entsteht ein Weibchen, wird 
der weibliche unterdriickt, ein Miinnchen” (Correns 1913, p. 16). SHun. 
(1914) also holds the view of the hermaphroditic nature of sex. “ The 
genotypic nucleus which is common to both the males and females of any 
species, contains in itself nearly all of the elements necessary to the produc- 
tion of both the male and the female of the species, and it is therefore to a 
large degree essentially hermaphroditic”’ (p. 297). ‘Though he disfayors the 


statement that both sexes are possessed in each of them, because the expression 
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that the female possesses maleness or the male possesses femaleness is based 
“not upon what the two sexes possess, which is distinctive to each, but upon 


’ 


that which they possess in common,” and in reality “that what they both 
possess in common is. nearly all of that which they each possess, and thati 
the additional element or elements which are required for the actual realiza- 
tion of the one or the other sex, are conceivably of relatively minor value” 
(p. 297—298). 

It may be considered, therefore, that the determination of sex is in 
yeality a modification of bisexuality. The modifier or determiner may 
rest on the peculiarity of the sex chromosomes (progam) or on the state of 
the inner complex of the germ plasm after fertilization (syngam) or 
else on the external influences on embryo (epigam); the circumstances 
which actually realize the one or the other sex may differ in different 
cases. 

The works of Pranrt (1881), Perri (1908), Booptr (1908), Miss 
Wuorsr (1910, 1913), and the writer (1913) seem to support strongly, together 
with the data given in this paper, the view that the fern prothallia of 
many species are bisexual in nature, and the realization of each sex most 
likely rests solely upon the external factors. The works of MarcuHat also 
show that the dioecious Bryophytes, such as Brywm coespiticium, Mnium 
hornum, and Bryum argenteum, are potentially bisexual, though the sex 
differentiation is initiated at the time of sporogenesis. 

The gametophytes of the ferns known as prothallia are able to perform 
the independent life from their sporophyte and this makes quite a different 
relation to the environmental influences from those which exist in the 
Phanerogams such as Humulus or Cannabis in which the gametophyte is 
associated with the sporophyte, thus the relation to the external factors are 
much more complicated. 

The prothallia of Vodea, Onoclea, Osmunda, Asplenium and Ceratopteris 
all alike show that the development of male occurs even under unfavorable 
growth conditions but that of female requires better conditions. It may be 
that the male is a more phylogenetically primitive form than the female, 
thus the male appears even under the extreme conditions. ‘The biological 


aspect of it seems also justifiable. The female should bezwell nourished so 
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as to produce strong offspring. The appearance of the females under 
unfavorable conditions in life seems to be useless, for they are exposed to the 
danger of extermination. Many investigations in the higher plants which have 
already been referred to also support the evidence gained in the fern prothallia. 
However, negative result is also reported. Correns (1905, 1908) finds in the 
egynomonoecious plant, Satureia hortensis that unfavorable nutrition (the weak 
illumination) increases the percentage of female flowers, and that favorable 
conditions (less number of seeds planted) on the contrary defers the admit- 
tance of almost pure female conditions of the plants. He concludes, thus, 
that the development of the hermaphrodite or the physiological female flowers 
is dependent on the nutrition, the richer nutrition for hermaphrodite, and the 
poorer nutrition for the female flowers. 

It is shown clearly in the prothallia of Asplenium Nidus that the develop- 
ment of the male organ requires much less time than that which is required 
for the female organs and this seems to be universal in the plants of various 
kinds ; namely in Marchantia (Dacknowsxt, 1908), Satureia (CorRENS, 1908), 
Cannabis (SPRECHER, 1913; Coox, 1913) and Humulus (Tournois 1914). 

As already mentioned, since we assume that the sex determination (modifi- 
cation) is subject to external influences, if not in every case, the presence of 
maleness and femaleness as a “tendency” (compare CorrEns, 1913, p. 69; 
also SrraspurGER, 1910) or as a “ potentiality” in the not-differentiated 
gametophytic cells of prothallia is a necessary conclusion. The sex potentiali- 
ties may be, then, considered to be involved in the “specific structure” (in 
the sense of Kizps, 1913) of the plasm, and the factors which release the 
potentialities to realize the one sex or the other, or both are the “ internal 
conditions” which are dependent upon ‘external conditions ’—especially 
the nutrition. The external conditions modify the ‘internal conditions” of 
the cell and through these, the initial change in the “specific structure ” 
occurs, thus the sex is realized. 

The specific localisation of the archegonia on the prothallia is suggestive 
in this regard. The exact nature of the inner complex is unknown, but the 
archegonia is peculiarly limited to develop at certain cells near the meristem, 
and it seems probable that the “ internal conditions” of these cells are such 


that the “ potentialities” for femaleness is released into activity, whereas in 
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the cells of the other parts, their ‘“ internal conditions” are such that the 
potentialities for femaleness are unchanged, thus the archegonia would never 
be produced in these cells. It was suggested by the writer (1913) that the 
difference in nuclein aad plastin of ZACHARIAS contained in these cells might 
be an important factor. The formation of meristem is only possible under 
favorable conditions, for example 0.175 per cent Kwnopr’s solution for Asplenium 
Nidus. Then, this concentration becomes to be one of the external factors 
which determines the development of the archegonia in that fern prothallia. 

The formative influence of the external conditions on the ‘“ internal con- 
ditions’ seems specific to the individual cells but not alike to all the cells 
of the prothallia. The same factors act differently on the different parts of 
the prothallium. The marginal cells of a well grown prothallium of Osmunda 
are able to form the antheridia while some of the cells near the meristem 
of the same prothallium are developed into the archegonia instead of 
the antheridia. The cases with Melandrium and Inachus, the formative 
influence of parasitic organisms on the sex of the hosts are no doubt 
due to the change in the internal conditions caused by the infection of the 
parasites which ultimately give rise to the development of the sex which 
otherwise would never be realized. 

It is too far fetched at present, however, to attempt anything further 
since that is beyond the reach of our exact information in regard to 


p) 


the real nature of the “tendencies” and the “ potentialities’ or anything 
so conyeniently termed. Physiologically speaking, the Mendelian terminology 
so commonly used to-day, such as the “genes” and the “factors” and the 
like, has no great importance since it refers only to the facts acquired or 
those to be acquired, but not the causes. Eyen the term “stimulus”, for 
example, as often used in the physiological sense, means to state merely the 
fact which in reality involves most complex physical and chemical processes 
in the living organism, and the phenomena like heredity and reproduction 
must involve the most complex inner changes that we can think of, of which 


we are at present utterly ignorant. 
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Summary. 


1. The development of the antheridia and the archegonia in the 
prothallia of Asplenium Nidus and of Osmunda regalis var. japonica axe 
dependent on the concentration of Kxop’s solution by which they are grown. 
As a whole, the total number of antheridia as well as the average number 
per prothallium produced, decreases as the concentration decreases. In 
Asplenium Nidus, the number of the sterile pyrothallia increases as the 
concentration of the nutrient solution decreases. But in Osmunda no such 
relation is found. 

2. In both experimented species, the archegonia are formed only above 
0.175 per cent KKwnor’s solution. The best concentration for Asplenium 
Nidus is 0.175 per cent, and for Osmunda regalis vay. japonica, 0.35 per 
cent. In Osmunda, the archegonia are not formed in the 0.7 per cent 
solution, but in Asplenium, they are formed in the same concentration. 

3. In Osmunda, antheridia are possible to develop in 2.0 to 0.0175 
per cent JXnor’s solution as well as in the distilled water. In <Asplenium 
Nidus, however, the concentration of nutrient solution is required to be 
above 0.0175 per cent for the formation of antheridia. Prothallia grown in 
a solution lower than that concentration are found to be almost completely 
sterile. 

4, It is observed in many prothallia of Aspleniwm Nidus that both 
sexual organs appear only successively but not simultaneously, consequently 
they appear to be dioecious. 

5. The prothallia of Osmunda regalis var. japonica grown in the 
nutrient solution which lacks in calcium or magnecium salt remain almost 
completely sterile. 

6. The osmotic pressure of the cells of prothallia of both species is 
variable according to the strength of the nutrient solution upon which they 
are grown either by sand or by liquid culture. The highest osmotic pressure 
is found in the cells which are grown in the highest concentration within 
the range of the experimented concentrations. The osmotic pressure decreases 
as the concentration of the nutrient solution decreases. 


7. Starch is accumulated abnormally in the chlorophyll bodies of the 
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prothallia of Osmunda which are grown under nitrogen hunger condition. 
Normality is soon recoyered if they are supplied with the weak solutions 


of various ammonium salts and nitrates. 


The writer wishes to acknowledge, with most hearty thanks, his in- 
debtedness to Professor Kicat Mryaxr who was so kind as to provide him 
a place for carrying out the experiment in his laboratory and allowed him 
to use all the laboratory facilities at his disposal. He is also indebted to 
Dr. T. Opatra for the biometrical matters to whom his sincere thanks are 
rendered. 

December, 1914. 
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EXPLANATION OF PLATE 
PLATE X. 


Photomicrographs of the prothallia of Osmunda regalis var. japonica grown in the different 
nutrient solutions (taken seventy seven days after sowing). ca. x 65. 


Fig. 1. The nutrient solution without nitrate (Sol. I). 


Fig. 2. . “4 55 Py Magnesium salt (Sol. NAN), 
RIO! 13.5 Sass aa o as caleium salt (Sol. V). 
Fig. 4. ie 3 * potassium salt (Sol. TV). 
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I. Introduction. 


Several forms of the common Ozalis are met with in Tokyo and its 
vicinity. Some of them have a purple eye on the corolla, while others have 
none; some have purple leayes, others have not. As will be shown later, 
some taxonomists seem to include them in one species, while others con- 
sider each of them as a distinct one. The diversity of these forms attracted 


my attention and led me to investigate their relationship from the genetical 


(Jour. Coll. Agric., Vol. VI, No. 2, 1915.] 
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point of view. Although I do not intend to study them taxonomically my 

investigation will throw some light on the taxonomic value of these forms. 
The work was commenced in the summer of 1909 and has been con- 

tinued until now. The chief results so far obtained are reported in the 


present paper. 


II. Material and Methods. 


The material I used was mainly collected in T6ky6 and its vicinity, 
but some was brought from as far as Kamakura and Nagoya. To begin 
with, I classified all the individuals which were collected from those localities 
into 4 groups according to their most apparent distinguishable characters, 
and designated them for my own convenience as Type J, II, TIT and IV 
respectively. The following table will explain the distinction between these 


4 types: 


Table T2 


Parts 


| Corolla Leaves 


I | Lemon yellow throughout Almost quite green 
I | Yellow throughout Purple green 
Yellow, but each petal has a dilute purple bar 
Ut near the throat, so that the corolla has the so- Purple green 
called eye. 


Gamboge, but each petal ‘has a deep purple bar 
iV) near the throat, so that the corolla has a deep Dark purple green 
purple eye. 


As mentioned above, I and IV are the extreme forms with regard to 
the intensity of the purple color, while II and TIT are intermediate in this 
respect. 

The purple color of the plants is due to the presence of purple 


anthocyan in the epidermal cells of the leaves or stems, though some 


1. Plate XI will show the types and their characteristics. 
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colorless cells are also found there. In the corolla the purple cell-sap is 
contained most abundantly in the cells of the part, where the eye is to be 
formed. The yellow color of the petals is due to the presence of yellow 
chromo-plasts in the cells of the fundamental tissue. 

For investigation I carried on pure culture as well as cross-testing. 
When the hybridization was to be made, the castration was performed one 
day before the opening of the flowers. For crossing it is sufficient to rub 
the stigmas of one flower with the open anthers of another. But when they 
are to be self-pollinated they may be left alone, only they must be pro- 


tected against insects or strong winds. 


Til. Pure Culture. 


The culture of IxI was continued to the 4th generation, that of IL x II 
and IVxIV to the 3rd generation, and it was found that these types 
always bred true to themselves. 

As a result of these experiments I consider each of the types I, IT and 
IV to represent a distinct homozygote, but type III split in its 2nd genera- 
tion and proved to be a heterozygote, as will be described in the following 
lines. 

UWIx1: The offspring from this combination were 130 in number 
and among them two forms appeared, which I shall call A and B. 

The individuals of A-form, which were 96 in number, resemble their 
parents as a whole, but those of B-form, 34 in number, were quite different. 
The petals of the B-form which are a little smaller than those of II are 
yellow, and the leaves, which are also somewhat smaller, are green like those 
of I except in their margin, which is tinged with purple color as shown in 
Fig. 4. 

I made the pedigree culture of B-form for two successive generations 
and it proved to be a distinct, pure type, which was thus extracted from 
type IT. 

We have already noticed that the proportionate number of individuals 
of the form A and B produced by self-pollination of the type III was 


respectively 96:34 or nearly 3:1, and it can be presumed that form IT 
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was a heterozygote, that it separated by self-fertilization into two forms 
after the Mendelian rule, and that B-form is an extracted constant (or 
recessive) form, as far as the non-purple color in the petal is concerned. 
If this assumption is true, the question naturally arises, what is the other 
parent of the heterozygote type TIT. 

When we examine closely the individuals of A-form we find among 
them some with petals of a deep purple color and the leaves just as in IV, 
and some others which are in this regard much nearer to the parent form. 
Among 96 purple individuals I selected 15, of which 5 were almost identical 
with type IV, and 10 nearly the same with ITT in all respects. 

I continued the pedigree cultures of these individuals, which are now 


in the 3rd generation, and got the result shown in the following table. 


Table T. 


Nos. Numbers of individuals obtained by self-pollination 
1 92 like IV only. 
: Plants 2 163 
ey elas 
4 130 
5 died 
TIL A 6 77 like If A 25 like I B 
35 a 10 
45 + 13 
ty] 81 28 
Reta 10 05a 33 
with I | 11 141 = } 45) 
12 95 42 
13 53 (only purple ones) 
14 80 like TIT A | st 
15 74 A 24 


As is shown in Table I, the 5 individuals which were taken to be 
identical with type IV gave offspring of the same type as their own, though 
No. 5 died before producing seeds. From this result we may conclude with 


great probability that these 5 individuals were homozygous. 
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The 10 individuals which were considered identical with type III gave 
offspring of two sorts, excepting No. 13 which proved to be homozygous. 
The individuals belonging to one of these two sorts resemble the form A, 
some of which have a deeper color than others; and those individuals be- 
longing to the other sort resemble the form B, the numbers thus produced 
make the approximate ratio of 3:1 as shown in the table: that is to say 
the form A split into two forms (really 3) just as was the case with their 
parents (or IIT) 


Based on the figures of the table we make the following calculation : 


Ibo inary iis wos JN os cacobcsshagoccoe 734) 
Individuals - BS soi AOA ces Shier . 23 
Total mumber. 22. -.- 987 
The formula of standard error ............ VY n Py 
iL 3 
n= 987 p=— —- 
Caer eT 
Viana 3 is} 
a=V npg = 987 x = x — = +13.60377 
gi al 
Mhoarsticalslit A torn eae 987 x = 740.25 
Empirical ss =734 
Difterence = (RRs 
or 
Theoretical IIT B form .......... 987 x 3 = 250800 
Emap iricallay ea disso hatte REP SER MNS te = 253.00 
IDiMeren Cow te he tor le ee rs ts eee — 6.25 


The difference is therefore+-6.25 and the standard error is+13.60377, which 
is greater than the former and we see that the ratio of empirical numbers 
is reliable. 

There are surely, among the form A, two sorts corresponding to the 
type IV and III respectively, probably making the ratio of 1:2, though it 


is very difficult to distinguish them exactly. 


1. Yue, U. G, :—An Introduction to the theory of Statistics. 
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A similar case is met with in the cross-testing between types I and IV, 
of which a description will be given later on. 

From the above mentioned experiments it can be concluded that IIT 
was a hybrid between the types IV and B-form which was extracted from 
TH, and that by self-pollination it segregated into the two parental types 
and their hybrids in the ratio of 3:1 or probably 1:2:1, after the 
Mendelian Rule; so that the 2nd generation of III by self-pollination cor- 
responds to the F,—generation of the hybrid ITV x IITB.* 

Assuming the type III as a hybrid I identified the purple parent of 
this hybrid with the type IV of my series. I looked for any plant of such 
type as HI B which would grow wild in the ground of our college, and I 
found some plants which are exactly identical with III B and which are 
rather common. 

The reason I did not include this type in my series from the beginn- 
ing is, because it had been considered as a fluctuational form of type I. 

I took several individuals of this type, added them to my series as 
type V and preserved them to test their further behavior. 

VxV: Two of the individuals which were brought from fields were 
self-pollinated and some seeds were got from them. 55 individuals were 
raised, they all bred true to the type and showed that they were of the 
same type as IIIB. The 3rd generation was cultivated and found to breed 
true. 

To sum up, from the above mentioned experiments we may say that 
the types I, I, IV and V are quite distinct as far as the characteristics in 
question are concerned, and that the type III is a hybrid between IV and 


V, so that the types of my series are reduced into I, II, IV, and V. 


IV. Cross-Testing. 


I have made hybrids between the above mentioned types of Ovalis 
following the combinations : 
“Tx, IxIV, IxIV, Ix V and their reciprocals ” 


1. IB represents the B-form which was extracted from type III by self-pollination. 
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1. Cross BETWEEN THE TyPE I anv IV. 


(A) IxIV: 16 FE -individuals were obtained. They all resembled 
each other and showed the following characteristics :—Petal with a purple 
arch-shaped line on the yellow ground, forming an eye on the corolla. 
Purple color a little paler than that of IV. Leayes and stems purple, also 
paler than those of IV (see Fig. 6). ; 

Experiments haye shown that the hybrid is intermediate between two 
parents as to the color-intensity. I obtained some seeds from these hybrids 
by self-pollination, and from these I got 268 F,-individuals, of which 199 


were purple and 69 green, thus approximately in the ratio of 5:1. 


o=V np =, / 268 xt x += +-7,08872 


4 
Theoretical green individuals 268 x = 61 
Empirical green individuals ...........:.. 6 
IDMIGIO NC ene cece Oo agcH ss Da G EEE 2 


The above mentioned green individuals of F, are identical in every 
respect with the type I, and besides they were found to breed true, so it is 
clear that those individuals are extracted recessive plants as in the case of 
extracted green ones or V from the individuals of III x TI. 

As to the purple individuals we can distinguish two forms according to 
the nature of the color, and divide them into two sub-classes. The in- 
dividuals of one sub-class are deeper colored than those of the other, and 
the former are identical with the type IV, while those of the other sub-class 
are identical with their parents, i.e. F\—form. 

The exact number of individuals of these two sub-classes, however, 
could not be determined on account of too great fluctuation, but evidently 
the deeper colored ones much exceed the other in number, and probably 
we can estimate their ratio as 2: 1. 

I got by self-pollination some seeds from 3 deeper colored individuals 
and 6 less colored ones. Those seeds gaye rise to plants, which are shown 


in the following table :— 
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Table III. 


Nos. of F, plants Individuals in F, generation 

1 123 purples 45 greens 

2 24. f 10 

3 40 14 
Less purple colored 4 105 5 

5 46 5 13 , 

6 22 = 10 

Uh 137 purples no greens 
Deep purple colored 8 62 =~, 5 

i) 159, 5 


As shown in the table, the deeper colored individuals breed true, while 
the less colored ones give rise to two kinds of offspring, namely green as 
well as purple individuals. We may, therefore, conclude that we haye in 
this generation two kinds of purples: heterozygous and homozygous. 

As shown in the table the total number of offspring of the heterozygous 


purples in F, is 360 purples, 127 greens, and 


Q 
) ~ 
“= +9.55575 


o=x4V npy ==, / 487 x7 x 


4 
Theoretical jpurplesimse. see eee ae 365.25 
iim~piricallspurples "Sees 360.00 
Differences i eos. Sea Cee eee 5.25 


So that evidently the Mendelian law holds good here. 

Again we could distinguish heterozygous purples from homozygous ones 
among the purples of the F, generation, though it is not so easy as in the 
vase of IITA already described. 

From the above mentioned experiments we learn that : 

a. The hybrid between I and TV is purple, the color-intensity being 
intermediate between that of its parents. 
b. The individuals in the F, generation are of 3 different forms, 


namely: the deeper purples, dilute purples and greens, making the ratio 
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1:2:1 vespectively, so that the form /, is split after the simple way of 
MENDEL’s law. 
e. The types I and IV are constant and quite distinct. 
(B) IVxI: I tested the behavior of the reciprocal hybrid with the 
above, ie. LV x I. 
14 F\-individuals were obtained and they were in almost all respects 
identical with those of IxIV. Of the 399 F.—-individuals 294 were purple 


and 105 were green, i.e. approximately in the ratio of 3:1. 
r=) 399 x 1 x 3 = +8,64942 
4 4 


Theoretical green individuals 99.75 
Empirical 0 3 105.00 


Difference ag —5.25 


? 
Theoretical purple individuals 299.25 
Empirical is 294,00 
Difference Bs 33 + 5.25 

The purples were also of 2 kinds, less deep and deeper colored ones, 
it was not always easy to distinguish them. The number of the former 
was, however, larger than that of the latter, probably making the ratio 2:1, 
just as was the case in the /’, generation of Ix IV. 

So we have, in the #', generation, three forms of individuals in the 
ratio 1:2:1, just as in IxIV in the same generation, as far as the color- 
intensity is concerned. 

A further experiment of F, generation was accomplished as was done 
in the F; of Ix IV and the result was found to be quite the same as in 
the case of Ix IV. 

From the aboye mentioned experiment it is almost certain that two 


reciprocals of these hybrids are exactly of the same nature. 


2. DoupLE ReEcrprocaL Cross. 


I tried to determine the nature of the double reciprocal cross in DE 


Vries’ sense, which consists of IxIV and IVx1I,! and obtained good 


1. pe Vries, H.: Uber doppeltreziproke Bastarde von Oenothera biennis L. and O. 
muricata L. Biologisches Centralblatt, Bd. XXXI, Nr. 4, 1911. 
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seeds from the cross, 198 individuals were raised, of which 156 were 
purples and 42 greens. Examining the characteristics of these 2 sets there 
was nothing particular found, but the purples and greens correspond to those 
of I’, of either parent, ie. (Ix IV) x (IxIV) or (IV x I) x (IV x I) respectively. 


The number of these 2 sets make the approximate ratio of 3:1. 


aah eee 
v=, /198x Ee --6.09303 
ALAT 7il 


Theoretical ...... .. 148.5 purples ....... 49.5 greens 
Pimpiricall. = s.r: 156.0 5 Dae pee ADl() Nees 
Differences ... .. — 7.5 Thee t cro =telijet)) ee 


The purples consist of 2 forms, ie. deeper colored ones or the type of IV, 
and the less purple colored ones or that of the parents (either ITxIV or 
IV x1), probably making the ratio of 1: 2. 

There are therefore in this case three forms of offspring, i.e. purples, 
lighter colored purples, and greens, probably in the ratio 1: 2:1 respective- 
ly, just as in the case of the second generation of the single hybrid. 

I selected 8 individuals from each set of these 3 forms and obtained 
some seeds from them by self-pollination. 

The greens (454 in number) and the deeper colored purples (more than 
100 in number) were found on further eultivation to breed true. 

Each lighter colored purple, on the contrary, was found to split into 2 
forms, :pproximately in the ratio of 3:1 as follows: 

99= 75 purple (deeper colored mixed with less colored)+24 greens 
218=158 = 60R ames 
185=138 5 +47, 

The above experiments decidedly show that the nature of the products 


of the double reciprocal cross is quite the same as those of the self-fertilized 
F, of either IxTV or IVxI. 


3. Tar Inpossrpiity of THE New Form, sucH AS THE GREEN 
Lravep TYPE BUT wITH EYED CoROLLA. 


As is shown in Pl. XI, the corolla of type I is entirely yellow, and its 
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leaves are green, while the type IV has purple leaves and a purple eye in 
its corolla. 

Let the type IV be represented by the formula AABB, and type I by 
aabb, so far as the colors of the petals and leaves are concerned. The F’,, 


individuals may be written ABab. In F, we have then 
AABB+2AABb)+2ABBa+4ABab+ 2 Aabb + A Abb +2 Baab+ BBaa + aabb. 


We consequently have 9 individuals with both purple leaves and corolla, 3 
with purple corolla and green leaves, 3 with purple leaves and yellow corolla, 
and one with yellow corolla and green leaves. But in /, of IxIV or 
IV xI we have no such forms as purple eyed with green leaves, or purple 
ones without eyes among all the individuals, although 667 were cultivated. 

From this result we may conclude that the eye-color in the corolla 
and the purple color in the leaves are due to one and the same factor, at 
least in this type (IV). 

Again, that the eye-color and the leaf-color are due to one and the 
same factor is also proved by the splitting manner of forms in £', of the 
hybrid : 

A,.....eyes and leaf-color. 


Serpe the absence of the factor of the above 


F,......A4A+ Aa+aA+aa 


This is really a monohybrid and it is clear that such a type as the green 


feayed with eye corolla is not to be expected 


4. Cross Drerwren Tyres I anp ILI. 


(A) IxIl: In the /\-generation of the hybrid Ix, 35 in number, 
the leaves are more green than those of TI, but more purple than those of IL. 
It is remarkable that the margin of the leaves is much more conspicuously 
colored than those of I. 

The color of the flower is yellow throughout, as was the case with 
that of II, there being no purple color, which was quite as was to be ex- 


pected. 
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Of the /’,-individuals, 31 in number 7 were identical with I, 16 identi- 
eal with parents or with F,, and § identical with I, though the individuals 
of II-type are hybrids and not easily distinguishable. 

The number of individuals of the three types above mentioned make the 
approximate ratio 1: 2:1, though the number is too small to be relied on. 

The cultivation of /’.-generation was made. 56 F-individuals from T- 
typed parents and 126 F ones from I-typed parents proved to breed true. 
Of the individuals of the intermediate form, 51 in all, 15 were of I-type 
and the rest (36) were of 2 kinds, ie. I-typed ones and the intermediate 
ones, the latter much exceeding the former in number. 

From the above mentioned experiments we see that the behavior of the 
hybrid Ix II follows the simple Mendelian rule. 

(B) Ix: The individuals, 24 in number, present the same 
features as those of Ix IL. 

Although I did not further experiment with this reciprocal I am quite 
sure that it holds the same relation with the other, just as IJV and its 
reciprocal do. 

Based on the experiments: we draw the same conclusion as in the case 
of IxIV and IV xI, and we see that :— 

a. Type II is constant, showing a quite distinct strain. 

b. Both Ix II and IIxT ave identical, and their form is intermediate 
between the parents in regard to the color-intensity. 

e. The hybrid between the non-eyed and non-eyed ones possesses 


the non-eyed corolla as might be expected. 


5. Cross BETWEEN Types II anp IY. 


(A) ILxIV: The F\-individuals, 15 in number, were almost similar 
in all respects. 

The flower of the individuals of this generation has an eye on the 
yellow corolla like that of Ix IV, while the leaves resemble those of Ix IV. 
In short, the nature of the color-intensity of the eye and leaves is inter- 
mediate between the two parents. 

(B) IVx1I: Twenty individuals were obtained. Not only do they 


resemble each other, but also to ILxIV, so that both reciprocals are similar. 
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I tried the cultivation of the further generation and ali the results of 


the experiments are summarized as follows : 


Ff, F, Ff, 
Nee (ODI ao always II typed 
eee 125... ..1V typed+ intermediate 
IDESIDYs os oe ad 19 17/1 
Pe | 46 .....I1 typed only 
™8 982-2 LVityped 
718 56......I1 typed 
Wx. 1 ee oy 51 37. ....1V typed+ intermediate. 
‘s VAC esa IL typed 
11 =a NS erat: IV typed 


From the above mentioned experiments we can draw the same conclu- 
sion regarding hybrid ITxIV and its reciprocal, as about several hybrids 


before mentioned. 


6. Cross BrErwEren Types IIT anp V. 


By the test of the pedigree culture we found that II is an F\-form 
between IV and V, the presence of the purple color being dominant over 
its absence. It follows therefore that the hybrid between III and V cor- 
responds to the back cross (IV x V)x V, and in this case we can expect the 
same number of purple-eyed and non-purple-eyed offspring, which was really 


proved. The results I obtained were : 
I 


On further cultivation the form B has proved to breed true, while from 
A I obtained two forms, 123 purple-eyed and 45 non-eyed forms. It is 
clear that the numbers of these forms make an approximate ratio of 3:1, 
In this ratio the left side one would contain 2 distinct forms corresponding 
to IV and III in the ratio of 1:2, but I did not examine them closely. 
From the experiments with III and V it was ascertained that : 
a. The back cross with recessive produces the same number of 


dominants and recessives. 
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b. The assumption of TIL to be the hybrid form by the pedigree 


culture is correct. 


V. Discussion. 


Since the reappearance of MENDEL’s work and the appearance of JOHANN- 
SEN’s “ Pure-line theory” the opinion of naturalists on species or varieties 
has entirely changed, and they are now endeavoring to test plants and 
animals on the basis of the modern genetic principles. 

According to the modern naturalists the relationships between species . 
or varieties cannot be accurately known, and the determination of the 
species or varieties can hardly be relied upon in the strict sense, unless 
they are tested experimentally, because even the same species or varieties 
have a different appearance or structure, and vice versa, as we see in the 
well known experiments of BonnrER* and Kreps... When we therefore want 
to determine a species we should test it by cultivating it at least during 
2 or 3 generations, under as near as possible the same conditions of en- 
vironment, in order to make a just comparison. 

The distinction of one species from another is therefore no easy task, 
and that of a subspecies or variety from another is exceedingly hard work. 
ALMQUIS?’sS elementary species seem not to stand the test of long culture 
under more carefully controlled conditions such as SHULL employed. * 

If I had determined various individuals without pedigree culture, I 
would have taken type IT as a distinct one, and would not have known 
the existence of type Y. 

Thus the types I, HW, IV and V were not only tested by pedigree 
culture, but also by cross-testing, so that I am positive that they are quite 
distinct biotypes. ‘The experiments have shown me that the common Ozalis 


or the so-called Oxalis corniculata LL. is a composite species, including at 


1. Bonner, M. G.: Wecherches expérimentales sur l’adoptation des Plantes au climat 
alpin. Ann. des. sc. nat. VIT. 20, 1804. 

2. Kurrs, G.: Alteratives in the Development and Forms of Plants as a result of En- 
vironment. Proc. Royal Soe. Vol. 82, 1910. 

3. Saunz, G. H.: Bursa Bursa-Pastoris and Bursa Heegeri, Biotypes and Hybrids. Wash. 
D. C. Pub, by Carnegie. Inst. 1909. 
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least four different biotypes, and in nature these four types and their 
hybrids grow together, so that those individuals make a continuous series in 
regard to the characters of flowers and leaves ete. For this reason it is 
very likely that these forms have been included in one species of Ozalis 
cornicuita L.' 

In this case my type V seems to correspond to the typical one among 
them, i.e. O. corniculata L. But some taxonomists still keep the name of 
O. stricta L. as a distinct one, and in this case my type I seems to cor- 
respond to that. ~ 

Nakar does not take the nature of the stem or stipules for the distinc- 
tion-character, but he lays stress upon the nature of the root-system. I do 
not, however, think the nature of the root-system to be the decisive character 
of this species, though my type I may be identical with Naxar’s O. stricta 
L., for my experiments with this type did not necessarily show the character 
as in Nakar’s note. 

According to Maxino® there is a variety of the common Ozalis known 
as Oxclis corniculata L. vax. tropaeoloides (Schlachter) Mak. and he thinks the 
existence of the intermediate form between the type and this variety to be 
possible; and the type IV of my series seems to agree with the variety 
just mentioned (Fig. 3.) 

Although my Type IT has not yet been investigated by any taxonomists 
it would be right to give it a special name, for it is a distinet type just as 
the type J, IV or V is a district one, and has its own name given by some 
taxonomists ; otherwise all these types would be included under any one 
specific name, such as Ozalis corniculata [., as is done by some other 


botanists. 


Up to the time of Focxn* the hybridization of any kind of Ozalis 


seems not to have been known, neither has any literature, except 


1. Matsumura, J.: Index Plantarum Japonicarum, Vol. II, 1912. 

2. EnGuer, u. Pranru: Die natiirlichen Pflanzenfamilien TI. 4. Naxar, T. Distinctive 
characteristics between Oxalis corniculata L. and O. stricta L. Bot. Mag. Vol. XXVIIL, Tokyo, 
1913. 

3. Maxtyo, T. Observations on the Flora of Japan. Bot. Mag. Vol. XXVII, Tokyo, 1913. 

4. Fockse, W. O.: Die PHanzenmischlinge. Berlin, 1881. 
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one notice,’ concerning the hybrids of this genus, at least of the wild forms, 
come to the knowledge of the present writer. But the feature of the purple 
color-inheritance in Oxzalis very much resembles that of cotton investigated 
by Leaxn. * 

The red color is due to the presence of anthoeyan in his cotton- 
plants as well as in my Ozalis plants. The hybrid between his type 3, 
or 11 which is red, and the types in which the color is absent resembles 
that between IV and I in Ovalis. In both eases the presence of red is 
dominant, though the intensity of the red color is, as he says, greatly 
diminished. 


oe) 


Lrake’s “type 3x type 4” corresponds to my “type IV x type I,” and 
the formation of the flower eye of the hybrid is due to the presence of the 
ved sap upon the yellow-ground-color which is manifested in the eye of the 
parent flower. 

The purple color in the flower and that in the leaves are due to the 
same one factor in type II, and such instances are rather common in plant- 
bodies, as in GREGORY’s experiments with Primula (full colored x albino), for 
he says that in the full colors the color in the flowers and stems behaves 
as a single unit.* LEAKE also seems to think, in his two types 3 and 11, 
that the coloration in the petals and in the remaining part of the plant 
originates from one factor. But this is not always the case; for example 
GreGoRY points out, alluding to Kerpie and PrLLEw’s experiments and his 
own, that there are cases where the color-factor which is present in the stem, 


but not in the flower, is not one. 


VI. Summary. 


1. The materials used for the experiments were the types I, I, II, 


TV and V, and the distinctive characters of these materials were in the 


1. Barreson, W.: Mendel’s Principles of Heredity. 3rd impression, 1913. p. 47. The 
writer cannot procure Hi~pEBRAND’s original, 

2. Leake, H. M.: Studies in Indian Cotton. Journ. of Gen., Vol. I, 1910-1911. 

3. Gnrecory R. P.: Experiments with Primula sinensis. Journ. of Gen., Vol. I, No. 2, 
Mareh, 1911. 
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presence or absence of the purple eye in the corolla and the purple color 
in the leaves. 

2. The purple color is due to the presence of the purple cell-sap in 
the cells of which the purple eye and spot on the leaves are composed. 

3. By pedigree culture and cross-testing I, Il, IV and V_ were found 
to be pure types, while IIT is not pure, it split into IV and V by self- 
fertilization. 

4. In hybrids of these types the presence of factor or factors of purple 
color is dominant over the absence of the same, and two reciprocal hybrids 
between any two pure types behave in the same manner. 

5. The #£\-plant is intermediate in color-intensity between the parents. 

6. The eye-color and leaf-color of IV is due to one and the same 
factor, so that both eye-purples and leaf-purples are associated and simult- 
aneous in appearance, but in type IL the purple color appears in the leaf 
only. 

7. The types I and IV give the same results by the double reciprocal 
crossing as well as by the self-fertilization of any one of these parents ie. 
IES @e INV Sed 

8. Two reciprocals of any hybrids are exactly of the same nature, as 


far as my materials are concerned. 
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EXPLANATION OF PLATE XI. 


The leaves are represented in nearly natural size, but the flowers (only corollas) are 


magnified. 
Fig. 1. A leaf and a flower of type IL. 
Fig. 2. I. 
Fig. 3. 2 TV. 
Fig. 4. x Vv. 
Fig. 5. A leaf and a flower of the hybrid between I and I. 
Fig. 6. BS I and IV. 


Fig. 7. A leaf and a flower of type HL 


ow. 
jer 
PLATE XI. 
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On a New Species of Maurolicus, M. japonicus. 


By 


Chiyomaisu Ishikawa. 


With Plates XJTI and XIII. 


Dorsal 10 or 11; Anal 8+16; Ventral 7; Lateral 


Line 23; Transverse line 7. 


The length of the head slightly more than the height of the 
body and a little less than a quarter of the total length (without the 
caudal). The leneth of the snout about one-third of the height of the body, 
and exceeds that of the interorbital. The eye oval, its vertical diameter a 
little less than its horizontal diameter which is about one-tenth of the 
length of the body. The breadth of the iris nearly equal all around; the 
interorbital space about two-thirds the longitudinal diameter of the eye. 
The cleft of the mouth nearly vertical, the upper jaw crescent-shaped, its 
posterior half is thinner and broader than its anterior, and reaches to the 
middle of the eye. Teeth on premaxillary and dentary; small, pointed and 
in about three rows. Those of the lower jaw perhaps slightly larger than 
those of the upper. No palatine and vomerine teeth. The nostrils just 
between the eye and the end of the snout. 


The actual measurements of 12 specimens of Mazloricus japonicus from Uodu: 


Number of Specimens Total length Height. Length of Head. Snout, Interorbital Diameter of Eye. 
(without caudal) space. 

Now 2: 51 mm. 12.0 mm. 13.0 mm. 4,0 mm. 3.0 mm. 5.5 mm. 
No. 2. Ol ss LOLI 12:0); 40 ,, BHO) oe 5.0 ,, 
No. 3. 48 TL) 5 120) ACM 30 SiON 
No. 4. Lop Te OMe 1210) S00 SOs, BON es 
No. 5. AT WH 5 10.0 ,, Ss a, oSue 5.0 

No. 6, 47 10:5) 5; LOISY ss, SOM ss pith as 50); 
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Number of Specimens Total length Height. Length of Head. — Snoat. Interorbital Diameter of Eye. 
Nos ie Sacra 12.0 mm. 12.0 mm. 4.0 mm, 3.0 mm. 5.5 mm. 
No. 8. 46 ,, 2010 5; 100M, SONGS 22. 4.7 
No. 39: ACES ALON ss, 10:0) 5; SIZ) aay DBs ise 4.8 
No. 10. 44 ,, AO) 55 iO UO C30) 55 PA biOies 
No. 11. 44 ,, 10:0" 5; 10" 30> 3; ASH 45° 35 
No. 12. Asan. LTO 93a 3.0 ,, 23) ss 4:5" 5. 
Total 559mm. 1305mm. 1338mm. 41.7mm. 328mm. 59.5 mm. 


Average of 12 
specimens 46.6 mm. 10.9 mm. 11.2 mm. 3.5 mm, 2.9 mm. 5.0 mm. 


The measurements of the above specimens of Maurolicus japonicus from 


Uodu in percentage of the total length (without the caudal) : 


No. of Specimens. Total length Height. Length of Head. Snout. Interorbital Diameter ot Eye 
No. 1. Miijeatiaeera emery Ucn, co Sunes Stan 
No. 2 100%. 200.471 NOGOb, "ESO RECUR emo. 
No. 3 100); 22:95 PEO) 9 Sisuuee 6355; 104 
No, 4 100, 284, 955. “Gt eummee== = ci06) 5 
No. 5 100 ,, 934 ,, 213, TAs 60 ,, 106 
No. 6 100, 5. 923°, g99)5 yee Roel 
No. 7. 100 ,, OT es PAsyal ep 8.) 65: = 119 
No. 8 HOO) BLT a7 a OmAeee 4.80. > “atOO 
No. 9: 100°; 23: 0a PU i. E TAO) 4:37 eo 10.4 ,, 
No. 10. 100), 950 ., (50s GENCE Gale unas 
No. 11. 1005 «227 4. wasOl oe wieee. | (Gat Bionee 
No. 12. ‘0 AA COG On 70 eee GS. + 

Average measurements 
in Of oftholotals 100’, 939 ,. 989 . | 74. 594 106. 

length 


The origin of the pectoral fin lies in front of the vertical from the 
posterior end of the gill-opening, and reaches to about two-thirds the dis- 
tance between the origins of the pectoral and the ventral. The origin of 
the dorsal fin, a little behind the base of the ventral, is considerably nearer 
the root of the tail than to the extremity of the snout; the tip of the 
ventral fin just reaches the anal, if laid backwards. The origin of the anal 
in the vertical line below the root of the penultimate ray of the dorsal; the 
base of the fin nearly twice as long as_ that of the first dorsal, with its 
anterior third about double the height of the posterior. The base of the 


second dorsal nearly as long as that of the first, its origin lies in the 
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vertical from the middle portion of the anal and ends a little behind the 
vertical from the root of the last anal ray. The caudal fin moderately 
forked. The anus lies just in front of the anal fin. 

Twelve pairs of luminous organs along the belly from the posterior end 
of the opereulum to the base of the ventral (the thoracico-abdominale), the 
first pair placed nearer together than the vest; the following pairs nearly 
of the same size, and arranged in parallel rows; uine in the upper series 
between the pectorals and the ventrals (the laterale), this series not con- 
tinned backwards; six pairs between the base of the ventrals and the 
origin of the anal (the circumyentrale), the first two pairs of this series 
placed along the dorsal base of the yentrals, the third, the fourth, the fifth, 
and the sixth situated in a curyed line beginning with the second and 
ending with the sixth which is placed at the posterior side of the yent, the 
coneayity of the curve facing ventrally; about sixteen pairs along the base 
of the anal (the anale), the first pair placed above the others; eight or nine 
pairs between the anal and the caudal (the pre-caudale), and in the same 
line with the preceding pairs, the last two placed nearer together; six 
pairs along the gill-opening (the operculare) in front of the pectoral fin to 
the isthmus, the first pair smaller than the others and placed close together ; 
five on the branchiostegal membrane (the branchiostegale); one before 
(the anti-orbitale), and two below (the suborbitale) the eye; one at the 
posterior end of the opercle (the post-operculare); a small pair near the 
symphysis of the lower jaw. 

The numbers of the luminous organs in the thoracico-abdominale, the 
anale and the precandale are not constant. Of the thirty-four specimens 
examined, two possess thirteen pairs of the thoracico-abdominale, one with 
eleven on the left and twelve on the right; the number differs more with 
the anale with reference to which among the same thirty-four specimens 
seventeen pairs are found in nine specimens, in four specimens sixteen 
on the left and seyenteen on the right, two specimens with fifteen on the 
left and sixteen on. the} right, one with eighteen pairs, one with eighteen 
on the left and seventeen on the right, one with eighteen on the lett 
and sixteen on the vight, while one with sixteen on the left and 


fifteen on the right. Lastly, of the precaudale, out of thirty-four speci- 
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mens examined sixteen specimens with eight pairs, fourteen with nine pairs, 
one with seven pairs, one with eight on the left and nine on the right, 
and one with nine on the left and ten on the right. 

Numbers of the luminous organs of the thoracico-abdominale, the anale, 
and the precaudale in the thirty-four specimens of JMJaurolicus japon ‘cus 


from Uodu : 


Specimens. Thoracivo-nbdominale. Anale. Precaudale. 
tl ae i ne 
No 2 1}13 8 
No 3, 3 1417 ; 
No. 4 y ‘ ee 9 
mo 3 ra 
No. 6. a aS eae 5 
ee i eee 
wo a § ‘ re 
No. 9 . i ate 8 
No. 10 i ae aie 5 
Non & 3 ae 
mob : aa 
No. 13. a 5 eve 3 
No. 14. - 3 ne Q 
No. 15 s a Tie ; 
Oe 8 1418 : 
Node = 2 iti6 7 
soak & 2 ee 
No 1. # 12 1b D 
No. 20 "4 a3 ae 9 
soa ne : 
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Specimens. Thoracico-abdominale, Anale. Preeaudale, 
mom 2 : Le 
No. 24 i : ide ii 
No. 2h: 2 a ae 2 
No. 26 s a er 9 
No a ia 14 8 
No. 29 = i rare 3 
No. 30, Es 2 nee 3 
Noo 3k) oe a wae : 
No Bh 12 1415 : 
Ko mB : : 
No. a i u oa ; 


As to the addition or reduction of the organs in any of the aboye- 
mentioned three groups, the thoracico-abdominale, the anale and the 
precaudale, we can not form any conclusion whether these are restricted to 
one special side of the animals or not. To state the fact only we observe 
that, of the thoracico-abdominale, the only one case (No. 34) of this kind, 
shows that it is the left side one which is reduced in number. Of the anale, 
out of nine cases, four (Nos. 14, 15 [Fig. 8], 16 [Fig. 6], and 17 [Fig. 9) 
with an additional organ on the right, two (Nos. 32 and 33) with one 
organ less on the left, ive. fifteen on the left and sixteen on the right; 
one (No. 4, Fig. 7.) with an additional organ on the right and two addi- 
tional ones on the left; one (No. 5) with two additional organs on the left ; 
while the other one (No. 26) with an organ less on the right side, It will 
thus be seen that with the anale, more cases are found with a greater 
number of organs on the right (six cases) than on the left (three cases). 


Lastly, with the precaudale, we have one case (No. 22, Fig. 11.) 
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with eight on the left and nine on the right, and another case (No. 
24) with nine on the left and ten on the right (Fig. 12). As to the posi- 
tion of the supernumerary organ in a row, or the reduction of an organ 
in a row, i.e. whether an organ is interposed between the others, or is 
added at the ends, or taken away from the ends or somewhere from the 
row, there appears to be some general rule. In the anale of No. 17, where 
sixteen organs are counted on the left and seventeen on the right, we have 
the first pair regularly placed on both sides, and while there are three 
succeeding organs on the left, there are four on the right, the fourth of the 
left in the same line with the fifth of the right. By closer examination 
it will be seen that the third right is smaller than the others, and ap- 
pears to be the one interposed between the second and the third right, 
pushing the fourth slightly backwards (Fie. 9). The same is seen with 
the precaudale of No. 24 where we find, instead of four anterior organs on 
the left, five on the right (Fig. 12). The case of the anale of No. 14 
where the supernumerary organ is seen on the right side, is rather interest- 
ing, since here in place of the third anterior organ on the left, there are 
two small organs on the right, showing thus the probable division of the 
third one on the right (Fig. 10). To give a case where the reduction appears to 
have taken place, we take No. 26 (Tig. 5) with sixteen on the left, and fifteen 
on the right. Here we see the two pairs of organs at the posterior end in 
regular rows, and closely set together, and while on the left hand side 
three more organs are added and these also in close set, on the right there 
are only two, the posterior of which or the third from the most posterior 
one, is placed a little in advance of the corresponding one on the left, the 
fourth comes to be placed in a regular row with the fifth of the left. Thus 
while the five organs on the left side are arranged in close set, the third 
and the fourth on the right are separated from each other by a space, 
which appears to show that the fourth one here present is in reality the 
fifth, the original fourth being dropped off. Similarly with the anale in 
Nos. 4 (Fig. 7), 16, 32, and 33 and with the precaudale in No. 22, the 
supernumerary or reduced organs are either added or taken away from the 
intermediary ones, and not at or from the end, the only one exception being 


No. 15 where the supernumerary one of the anale on the right hand side, 
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is due to the addition at the extreme hind end, the last one of the left 
being parallel with the penultimate one of the right (Fig. 8). 

Scales large, thin, cycloid; twenty-three in the mid-lateral line, seven 
in the transverse line. Four large scales in the mid-lateral line; these are 
the second, the tenth, the fourtecuth, and the seventeenth scales from the 
anterior end, and eradually decreasing in size from before backwards. 
Seven pairs of small scales along the yentral side of the gill opening, the 
six anterior pairs of which lying above the branchiostegal luminous organs ; 
twelve pairs of scales along the ventral side of the body between the 
posterior end of the last branchiostegal organs and the ventral “fins, also 
lying above the thovacico-abdominal organs; six pairs in front of the yent, 
lying above the six circum-ventral organs. Many pairs of scales on each 
side of the anal fin and in front of the caudal, each placed above the 
luminous organs of these regions. Nine pairs of scales aboye the thovacico- 
abdominal organs; and a pair of isolated organs in front of the ventral 
series of organs, are placed below a pair of scales which form the con- 
tinuation of the scales placed aboye the thoracico-abdominal organs. 

Gillvakers long and numerous, twenty-four on the first branchial arch. 
Pseudobranchae present, six in number. The blind sac of the stomach 
vather large, with pyloric appendages well developed, which are nine in 
number and of variable length; the intestine runs rather straight to the 
level of the hind end of the blind sac where it makes an s-shaped twisting 
and runs again straight to the anus (Fig. 13). 

The colour of the animal is silvery on side and belly; sepia brown 
along the dorsal part. Luminous organs on silvery ground with black 
pigment; photogenic portion milky white. The peritoneum with deep 
brown pigments. 

Habitat : Uodu, Ettya, Japan Sea; generally caught with a kind of 
small ground net, the teguri-ami, from the depth of about two to three 
hundred fathoms, together with other fishes of commercial value. The same 
fish is also caught in the seas off Idu peninsula on the Pacific side. 

General remarks: That this fish is closely allied to the Atlantic 
species (Maurolicus pennanti Walbaum) there is no doubt. It is, however, 


to be noticed that there are some points of difference between the two 
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which justify us to consider the present form ss a new species. ‘These are 
the lesser number of the anal fin-rays in our species, than in the Atlantic 
fish, and consequently the space between the last anal ray and the caudal 
is longer in the former than in the latter ; thus the eight or nine luminous 
spots of this portion lying all behind the anal fin in our form, whereas in 
the Atlantic species only the last two or three spots lie in the same space. 
Slight differences are also to be observed in the size of the eye in relation 
to that of the length of the head, and also in the number of luminous 
organs. 

JORDAN, TANAKA and SNyDER in their Catalogue of the Fishes of Japan 
give a single species of Maurolicus, and identify it with the Atlantic form, 
without giving, however, any definition of the form. Without description 
of their type specimen, it is not justifiable to consider their fish to be 
identical with ours. It is very improbable, however, that two nearly allied 
forms are to be found in one and the same place ; neither was the pennanti form 
found among many specimens observed by the present author, which were 
taken from the same localities where the specimens of the authors were also 
taken, namely in the seas of Uodu and Idu. It is, moreover, improbable 
that the present form which is one of the most common fishes taken in the 
bay of Toyama, should have escaped the notice of such an ichthyologist as 
TANAKA, who personally visited the same place as the present author did, 
and obtained the specimens. Lastly, in favour of the view of the identity 
of the present form with that given by the authors, the fact is to be men- 
tioned, that the structure of the luminous organs described by Osama, from 
the so-called AI. pennanti, exactly corresponds with that of the present form, 
even the absence of the reflector in the anteorbital organ being alike in 
both the forms. All these tend to point to the fact, that the pennanti of 
JorDAN, TANAKA and SnypeER is not the same species as the Atlantic one, 


but is a species distinct from it. 
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EXPLANATION OF PLATES. 
PLATE XII. 


Fig. 1. Maurolicus japonicus, magnified about 3 diameters. 
Fig. 2. The same, ventral view. 


Fig. 3. The same, dorsal view. 


PLATE XU. 


Vigures 4-12 represent the outlines of the luminous organs drawn with Zeiss objective 
a*, compensation ocular 2. 

Fig. 4. The tharacico-abdominale of the specimen No. 34. in which a reduction took 
place on the left side. 

Fig. 5-10. The anale of six individuals; Fig. 5 represents those of No. 26; Fig. 6, of 
No. 16; Fig. 7, of No. 4; Fig. 8, of No. 15; Fig. 9, of No. 17 and Fig. 10, of No. 14. 

Fig. 11-12. The preeandale of two individuals; Fig. 11, those of No. 2, and Fig. 12, 
of No. 24. 

Fig. 13. ‘The stomach, the pyloric appendages, the liver and the intestine magnified 


about 4 diameters. 


ee 


toa@ll i 


M ; 
te ae oy 


eR UT? oe. : 


~ 


CT T si 


io rt 
bane 


Ww 


A oS % . 


: e 
veces & oe 
- 


ails be son ‘ 7 ; 


(Te 


Plate XII, 


Jour. Coll. Agric. Vol. VI. 


— J 


5599909999909 © 
SP ewes GODVGY) 


LOOT SSeS oS 


sobeay _—— 
Bi aDoGaaGe A095 Seon: 


— ee =_— 5 % 
odsoe JIGIGIGOLS 


H. OYE IMP. 


C. ISHIKAWA ET K. YOKOYAMA DEL. 


ea a — 


eF iS Se ee Oe ee 


OOS SOS GG00soOo es8 Soe ee Qo DOOSOoaa— 


“7 
a 
Jit 
na) 
ie 


/ 
H. OYE IMP. : 


6 en 


i a ae a a S GeY 


—_—— OY Se 
Golo Cee — 


B id oom &) 
Bea! 


x ) DDAAAQVOAG eae CO 5 
ae a eG 66 ee 
<a PT Ue d., Caso CGV OOK 
“ 09:0 Mp COOCOCSSe6ae — Seta ean 
iti Oe ee 
fz aS aa —s ; 
« 


eS ee 


3 
\< 
| 
| 
g 
YO 


Ealaiee 6 ere em nae 
QoY OOO Lee 


—— 


OCS Clajere. — 

al Cee sees ees 

Co o- GOOO CO Gaia 
are Sei Ee Se 


dour. Coll. Agric. Vol. VI. 


_ ©. ISHIKAWA DEL. 


SS 


Notes on Anguilla mauritiana Bennett. 


By 


Nisuke Takahasi, 


Laboratory Assistant in Marine Zoology. 


Tn a joint work! with Professor Cxtyomarsu Isuikawa we stated our 
opinion about a species of eel known as fanikui ocewring in the waters 
of the Bonin islands, and frequently also in the rivers and streams of the 
middle and southern parts of the main Island of Japan, ie. that it is 
distinct from our common eel, Anguilla japonica, in contradiction to the 
statement of such ichthyologists as Davin Starr JORDAN, JOHN OPTERBEIN 
SnypDER and SHiarEHo TANAKA, and we have arrived at the conclusion that 
this eel is synonimous with a species inhabiting the Indo-Malay region and 
known as Ang. mauritiana.” As, however, the specimens at our disposal 
were then too few, our conclusion might have been looked upon as un- 
satisfactory, although the points we have considered were clear enough to 
show the distinctions between the two. Through the kindness of Mr. Srv- 
YEMON IXurusmA, we have since obtained sixteen specimens of kanikui 
from the Bonin islands, the examination of which has proved beyond doubt 
the correctness of our former conclusion, that kanikui is identical with 
Ang. mauritiana of southern waters, and distinct from Ang. japonica. 

Before going further, I wish to express my warmest thanks to Pro- 
fessor IsumkawA for his kindness in guiding the present work and in 
looking over the manuscript. Thanks are also due to Mr. Srm\yEmon 

1, Cuxrvomatsu Isurkawa and Nisuxe Taxanast:—Note on the Eels of Japanese, Formo- 
san, Corean and adjacent Waters. Journ. of the Coll. of Agriculture, Imp. Univ. of Tokyo, Vol. IV, 
No. 7. 

2. It will thus be seen that the stuffed specimen in the Imp. Museum at Uyeno, stated 


to be distinct from Ang. japonica by Curvomatsu Isnrcawa, and identified with Ang. mauritiana 
in his “ Catalogue of Fishes” is to be taken as being verified. 


[Jour. Coll. Agric., Vol. VI, No. 2, 1915.] 
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Kurusma who at my request has kindly sent me the specimens. 

In the following pages will be given firstly the facts about the measure- 
ments of different parts of the bodies either in percentage of or in propor- 
tion to the total length, as well as the numbers of vertebrae, pectoral fin 
rays and of branchiostegal rays, and then an attempt is made to draw 


conclusions from these measurements. 


1. The lengths of the head etc. in percentage of the 
total length. 


The length of the head varies from 10.53 to 17.18; the distance from 
the gill-opening to the origin of the dorsal fin, from 11.58 to 17.94; the 
distance between the gill-opening and the vent, from 25.57 to 38.17; the 
distance between the commencements of the dorsal and anal fins, from 
15.23 to 23.28; the length of the cleft of the mouth, from 3.33 to 5.61; 
the length of the pectoral fin, from 3.50 to 7.02; the length of the snout, 
from 2.17 to 3.44; the diameter of the eye, from 1.05 to 1.61; the interor- 
bital space, from 2.34 to 3.73; the height of the body in front of the anus, 


from 5.17 to 7.69 in percentage of the total length. 


2. The lengths of the head etc. contained in the total 
length ete. 


The length of the head is contained 5.82 to 9.50 in the total length ; 
0.78 to 1.14 in the distance of the gill-opening from the origin of the 
dorsal fin; 1.79 to 2.63 in its distance from the vent; the distance between 
tho commencements of the dorsal and anal fins is contained 0.56 to 0.83 ; 
the length of the snout, 4.25 to 5.78; the length of the pectoral fin 2.30 
to 3.75, the leneth of the cleft of the mouth 2.49 to 3.75 in the head; 
the diameter of the eye is contained 1.50 to 3.00 in the length of the snout, 
1.83 to 3.40 in the interorbital space; the height of the body in front of 
the anus is contained 13.00 to 19.33 the distance from the tip of the snout 


to the origin of the dorsal fin, 2.85 to 4.38 in the total length. 


3. The ratio of the praeanal and postanal parts. 


The ratio of the praeanal and postanal parts varies from 1: 0.81 to 
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1:1.62; and the average length of the praeanal part to that of the postanal 


part is 1: 1.36. 


4, The average length of the parts of the body in the 
percentage of the total length. 


The length of the head is 1347; the distance from the gill-opening to 
the origin of the dorsal fin, 13.53; the distance between the gill-opening 
and the vent, 28.99; the distance between the beginnings of the dorsal and 
anal fins, 16.66; the length of the cleft of the mouth, 4.61; the length of 
the pectoral fin, 4.20; the length of the snout, 2.83; the diameter of the 
eye, 1.33; the interorbital space, 2.92; the height of the body before the 


anus, 6.18 in the average of the percentage of the total length. 


5. The average length of the head etc. contained 
in the total length ete. 


The length of the head is contained 7.42 in the total length, 1.00 in 
the distance from the gill-opening to the commencement of the dorsal fin, 
2.16 in its distance to the vent; the length of the snout is contained 4.76, 
the leneth of the pectoral fm 2.20, the distance between the beginnings of 
the dorsal and anal fins, 0.81, the length of the cleft of the mouth, 2.92 in 
the length of the head; the diameter of the eye is contained 2.13 in the 
leneth of the snout, 2.22 in the interorbital space; the height of the body 
in front of the anus is contained 16.18; the distance from the tip of the 


snout to the origin of the dorsal fin, 3.70 in the total length in average. 


6. The number of the branchiostegal rays. 


The number of the branchiostegal rays varies from 9 to 11, the mean 


number being 10.29. Thirteen examples out of twenty-one have 10 rays. 


~ 


7. The number of the pectoral fin rays. 


The number of the pectoral fin rays is counted to vary from 16 to 20, 
the mean number being 17.59. The number 17 is the most common, being 


met with in eight specimens out of twenty-one. 
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8. The number of the vertebrae. 


The number of the vertebrae varies from 99 to 107, of which the 
praecaudal portion counts 40 to 43, whilst the caudal portion, 58 to 65. 

The formula of the vertebrae in average is 41.24 + 63.19 =104.43. ‘ 

The accounts above given are taken from twenty-one specimens of this 
species, and are far too few to draw any conclusion as to the range of the 
variations of this species, but these when taken together are enough to 
distinguish the present species from the allied forms. The distinctive 
characters that are common to all the specimens so far examined and which 
make the present form different from other species are :— 

1. The number of the vertebrae, which varies from 99 to 107, the 
average being 104.43, while the average number of the vertebrae in Ang. 
japonica’ is 115.65, in Ang. vulgaris’ 114.728, in Ang. bostoniensis or rostrata’ 
107.116, and in Ang. sinensis'(?) of which latter we had the opportunity of 
studying only a single specimen, the number is 98, thus approaching quite 
near to one example of mauritiana by which the number is counted to be 99. 

2. The head is, in the present species, always shorter than the dis- 
tance between the commencements of the dorsal and anal fins, whereas in 
Ang. japonica it is longer or sometimes a little shorter, in Any. vulgaris’ it 
is equal or somewhat longer, and in Ang. bostoniensis® and Ang. sinensis (?) 
it is longer. 

3. The length of the head is either slightly more or less than the 
distance between the origin of the dorsal fin and the gill-opening. In Ang. 
japonica and Ang. sinensis (?) it is always distinctly shorter. According 
to the descriptions of the authors,” the same seems to be also the case 
with Ang. vulgaris and Ang. bostoniensis. 

4. The extraordinary development of the lips, which are very broad, 
is not seen in any other allied species. 


6. The cleft of the mouth, which in smaller specimens does not 


1, 4. Curyomarsv Isarxawa and Nisuke TaKanast :—l.c. 

2, 3. Jous. Scammr:—Rapports et Procés-Verbaux des Réunions. Vol. XVII P. 
4-29, 1914. 

5, 6, 7. Ginruer:—Catalogue of Fishes. Vol. VII. D. 8. Jorpan and B. W. Ever- 
MANN :—American food and game fishes, 1905, Emm Watrer:—Der Flussaal, 1910, 
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extend beyond the posterior edge of the eye, reaches beyond it in lareer 
forms. 

This character will thus be observed to vary with the age of the 
animals. GUNTHER makes a similar statement from his specimens. Of the 
aboye twenty-one specimens of ours three small individuals measuring 
131mm, 174mm and 235mm respectively, with the cleft of the mouth not 
extending beyond the posterior edge of the eye, while in all others, it 


reaches far beyond the eye. 


These characters taken collectively are enough to distinguish the present 
form from the allied species and to identify it with the species described 
by GtnrHER under the name of Ang. mauritiana Bennett. 

In this connection, it is perhaps worth mentioning a species of eel 
which in the above cited joint work with Professor IsHikawa was doubtful- 
ly identified with Ang. sinensis MacCelland which besides other points of 
difference, has a much fewer number of vertebrae than the allied species, 
namely only ninty-eight. This number is, as will be seen from the table, 
ouly one less than that seen in specimen No. 6 of our Ang. mauritiana, 
and makes it more or less approach to the latter species. Since, however, 
the external characters of this form are different from all other examples of 
Ang. mauritiana thus far observed, it will be proper to leave the question 
of its identity with Ang. mauritiana until more specimens of this form are 


examined. 


Ratio of the’ 

length of the 

contained in the total leneth ete. eee 

No. postanal 
parts, 

| 

u 3.75 1.04] 2.22) 0,74 oa 13.10, 2.85] 1:0.81 
2 3.38) 0.95) 2.02) 0.83) 3.67| 19.33) 4.05) 1:1.62 
8.50; 0.95) 2.09/ 0.82, 345! 1621| 3.82) 1:41.41 
2.30| 1.05 223) 0.82) 3.10! 17.43 3.84) 1: 1.44 

B.00} 1.17] 2.63) 0,63) 3.16 14.62) 4.38 Ana toy | 

© 3.56 0.98 235) 0.70) 3.20] 16.98) 4.02 1:1.37 
a 3.33 0.94} 2.36 0.72) 3.94] 17.65) 419] 1:1.42 
8 347) 1.10) 2.35] 0.63, 3.35] 18.86) 3.80| 1:1.39 
9 bai) 0.87/ 200) 0.56 3.591 15931 3.7] 1:1.35 
10 3.35] 113] 237] 0.631 274| 17.72, 399] 1:21.58 
11 341] 114] 2.39] 0.58) 264/ 16.181 365] 1:11 
12 87] 0.91| 1.92] 0.611 2.75! 13.001 361] 1:21.36 
13 }81| 1.03) 219] 0.61/ 2951 17.88) 3.87] 1:147 
14 }95| 0.98) 216] 0.58| 295| 16.07, 3.801 1:18 
1 }30| 1.021 216 0.57) 249] 18.64) 3.79] 1:14 
16 415! 1.00 221] 0.61/ 3.00 15.441 3.74) 1:21.93 
117 309) 0.99] 201! 0.64) 2.83 16.33, 3.63] 1:1,39 
18 j24| 1.07} 216] 0.61| 3.09 16.40 349] 1:19 
19 }.38| 111| 2221 o64! 263) 15.611 3431 1:21.04 
120 }7al 110; 2.08 0.64) 251] 15.71| 3.38] 1-291 
21 ail ovsl 1.79] 0.581 3.031 1457/ 345] 1:21.20 


= gill-opening ; 


D. origin of the dorsal fin ; 


V.=vent; 


Vertebrae. 


Formula. 


41+63 
424.63 
41463 
41+ 64 
41+64 
41458 
40 +65 
42 + 64 
41464 
40 +65 
42462 
43464 
40 + 64. 
42463 
41464 
41+462 
41463 
42465 
41462 
43+63 
40 + 62 


Number of Branchiostegals 


10 
10 


Number of pectoral fin rays 


16 


M.=cleft of the 


ae the body in front of the anus; S.t.=tip of the snout; C.f.=tip of 


the cai 


Anguilla 


mauritiana 


BENNETT. 


|Ratio of the 
length of the 
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length of the head, taken from the tip of the upper jaw to the npper edge of the gill-opening; G,O,=gill-opening; D, origin of the dorsal fin; V.=vent; M,=cleft of the 


the 


T,L.=total length, taken from the tip of the upper jaw to the tip of the candal fin; H.= 
mouth, taken from the extremity of the upper jaw to the angle of the mouth; 
candal fin. 

{ These nre reproduced from Table IV of the joint work with Prof. C. 


P,=length of the pectorul 
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fin; 
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S.=length of the snout; 
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Ee. =diameter 


I.=interorbital 


of the space ; 


h,=height of the 


eye; 


and are put in their proper places, 


body in 


front of 


the 


anus ; 


S.t.=tip of the snout; 


Of.=tip of 
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On the Homology of the median longitudinal Muscles- 
Supracarinalis and Infracarinalis- with the 
Fin-muscles of the dorsal and anal 
Fins, and their Functions. 


By 


Nisuke Takahasi, 


Assistant in the Laboratory for Marine Zoology. 
(Director Prof, Curvomatsu IsmKawa ) 


With Plates XITV-XV and two Text-Figures. 


As far as I am aware, two opinions haye hitherto been held as to the 
functions of the supracarinal and the infracarinal muscles of the bony fishes. 
The one is that of Srrraro Goro, the other that of CHARLES WilsON GREENE 
and Cart Hasttey GREENE. 

According to 8. Goro who made his studies on Carassius auratus, each 
of these muscles is divided into two portions: the supracarinalis into that 
portion which is situated between the occiput and the dorsal fin, which he calls 
the leyator pinnee dorsalis, and into that portion lying between the dorsal and 
caudal fins, which he calls the dorsal extensor pinnz caudalis. The infracari- 
nalis is also divided into two portions: the levator pinne analis, which is 
situated between the pelvic and anal fins, and the ventral extensor pinne 
eaudalis, which is situated between the anal and caudal fins. According to his 
view, these parts, as their names show, are considered as the muscles which 
are concerned with the movement of the median fins, namely, the levator 
pinne dorsalis and levator pinne analis serving to elevate the dorsal and anal 
fins, and the dorsal and ventral extensor pinne caudalis to expand the caudal 
fin. 

C. W. GREENE and C. H. Greene in their studies on the skeletal 
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musculature of the king salmon (Oncorhynchus tschawyscha) distinguish, like 
S. Goro, the supracarinalis into two portions, the anterior which they call the 
protractor dorsalis and the posterior, the retractor dorsalis. In the infracari- 
nalis, they distinguish besides the parts enumerated by S. Goro, which they 
call the protractor analis or retractor ischti, the one lying between the pelvic 
and anal fins, and the retractor analis that lying between the anal and caudal 
fins, and a muscle lying in front of the pelvic fin, which they call by the 
name of protractor ischii. The functions ascribed by the authors to these 
parts are supposed to be two-fold, i.e. they work firstly as protractor and 
retractor of the dorsal, anal, and pelvic fins, and secondly they produce strong 
dorsal and ventral flexions of the body, which latter should be the chief 
function of these muscles. The names of the part above given are meant. to 
convey the authors’ idea as to their functions. It is to be remarked here that 
the authors appear to have no knowledge of S. Goro’s treatise, which is written 
in Japanese, in a little book intended for the use of students in their laboratory 
work, and not as an elaborate scientific investigation. Otherwise the authors, 
working over the same ground, would have certainly mentioned the difference 
of opinions in regard to the functions of these muscles. 

Observations on various kinds of fishes revealed to me the fact that the 
median longitudinal muscles mentioned by the above named authors are found 
in most of them, but they show great variations; that is, in some fishes all 
the parts of the muscles are present, while in others only a part of them. 

Concerning their functions I have arrived at the conclusion, in contradic- 
tion to the statements of S. Goro, and C. W. and OC. H. Greens, that these 
muscles do not participate in the movement of the fins. My observations tend 
to show that they are homologous to the fin-muscles of the dorsal and anal 
fins, which have become abortive or modified in accordance with the non- 
development of the fin rays along those portions of the median line where 
they exist. 

As regards the second function stated by C. W. and C. H. Greene, 
however, the question still remains whether these muscles are capable of 
producing the dorsal and ventral flexions of the body, since their idea is based 
apparently only on the anatomical knowledge of the king salmon, no experi- 


ment being recorded. 
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Experiments on the carp (Cyprinus carpio) have shown me that these muscles 
are not capable of contributing such a motion to the body of the fish. At any 
rate, these muscles alone cannot produce any such motion in the body of the 
carp. As, however, I have no knowledge of the king salmon, I do not 
venture to apply the result obtained by the carp to the king salmon, and 
cannot positively deny the possibility of these muscles producing such a motion 
in the fish the authors investigated. 

As the specimens thus far observed are too few and as the experiments 
were carried on only on the carp, my above conclusion may be looked upon 
as unsatisfactory, but I believe that these facts are enough to answer my 
question as to the relation between these muscles and the fin-muscles of the 
dorsal and anal fins, and also to clear up the ideas on the functions of these 
muscles as stated by 8. Goro and C. W. and C. H. GREENE, which at any 
rate do not apply to some fishes. For this reason, I venture to state here my 
view on the functions of these muscles and their relation to the fin-muscles of 
the dorsal and anal fins. 

At the suggestion of Prof. Caryvomarsu Isarkawa, I have tried to use 
the old terminology of RicHarp OweEn applied to the dorsal and ventral 
median longitudinal muscles, with the distinctive adjectives: anterior, median 
or posterior put before the word; thus the supracarinal muscle, that lying 


between the head and the dorsal fin, will be called the anterior; and that 


Text-fig. 1. Diagrammatic figure of a fish, showing the position of supra- and infracarinalis, 
A, Anterior supracarinalis (Goro’s Levator pinnze dorsalis, GrEENE's Protractor dorsalis); B, 
Median supracarinalis ; C, Posterior supracarinalis (Goro’s Extensor pinne caudalis, GREENE’s 
Retractor dorsalis); a, Anterior infracarinalis (GreeNn’s Protractor ischii); b, Median infracari- 
nalis (Goro’s Levator pinne analis, GrEENn’s Protractor analis or Retractor ischil); c, Posterior 
infracarinalis (Goro’s Extensor pinne caudalis, GreENr’s Retractor analis). 
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between the dorsal and the caudal fins, the posterior. In a similar way that 
part of the infracarinalis which lies between the anal and caudal fins will be 
called the posterior, that lying in front of the pelvic fin, the anterior, while 
that between the pelvic and anal fins will be the median. When two dorsal 
fins are present, the part of the supracarinalis which lies between them will 
be called the median; and when more than two dorsal fins occur, the muscles 
between them will be called the first, the second ete. median supracarinalis 
(see Text-fig. 1). 

I most heartily thank Prof. Catyomarsu Isunxawa who lent me the 
literature and placed the materials at my disposal, together with kind advice 
in many ways during the progress of the work, especially in the preparation 
of the manuscript. Thanks are also due to Dr. RrynosuKkE Sos of the 
Medical College of the Kyoto Imperial University who taught me the methods 


of physiological experiments. 


1. CAN THE SUPRACARINALIS AND THE INFRACARINALIS MOVE 
THE Fins? 


As every one knows, the fin rays of the dorsal and anal fins are jointed 
to the fin-holders (interneural and interhaemal spines) by free movable articula- 
tion. Each fin ray is specially provided with three pairs of fin-muscles—the 
erector, the depressor and the inclinator, the function of which is to raise or 
depress ; the rays easily without any participation of the movement of the fin- 
holders. In Cyprinus carpio the inclinator muscle of the dorsal fin is poorly 
developed and the erector muscle of each ray originates partly from the anterior 
surface of its own holder and partly* from the hind surface of the proximal 
part of the holder which belongs to the antecedent fin ray, and is inserted on 
the anterior part of the base of the fin ray ; the depressor muscle starts from 
the hind surface of its own holder and sometimes a small part of it originates 
from the next and is attached to the posterior part of the base of the fin ray. 
In addition to such arrangement of the fin-muscles, the fin-holders are firmly 
fixed in a line along and to the vertebral column by a strong membrane and 
are deeply inserted between the body muscles; consequently it is not possible 
to raise or moye the fin-holders without breaking them. The caudal fin is 


* The erector muscle of the first ray forms naturally an exception on this point. 
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supported by the caudal extremity of the vertebral column and its moyement 
is performed by the muscles—the plicatores, the flexor ventralis, the flexor 
dorsalis, the hypochordal, the body or lateral muscles etc. 

If we now turn to see how and where the median longitudinal muscles 
of the fishes, the anterior supracarinalis and the median infracarinalis are 
inserted, it will be seen that these are inserted only on the first or the most 
anterior one among many fin-holders of the dorsal and anal fins respectively. 
The posterior supracarinalis and the posterior infracarinalis are also respectively 
attached to the hindmost fin-holders of the dorsal and anal fins, and their 
insertions are placed on the neural and haemal spines of the vertebra, some- 
times in part on the foremost small fin ray of the caudal fin. The anterior 
infracarinalis is also inserted on the pelvic bone, extending to the isthmus at 
its anterior end. 

The origin ‘and the insertion of these muscles now described leads to the 
conclusion that they are certainly not capable of raising or moving the dorsal, 
anal and pelvic fins or expanding the caudal fin. 

In order to test the validity of the above conclusion drawn from the 
anatomical data, experiments were tried in the carp. These were amputation 
of the muscles, stimulation of the same by the tetanic current from the induc- 
tion apparatus and by chemical reagents. The muscles were amputated, but 
showed no sign of disturbance in the moyement of the fins and in the act of 
swimming. Electric currents of varied intensity (0-20c.m.) were applied to 
the supra- and infracarinalis but did not cause any sign of movement of the 
fins. Similar results were obtained by applying to them chemical reagents, 
such as ammonia, sulphuric acid, nitric acid and hydrochloric acid in strong 
concentration. ‘Thus the experiments show that the view proposed from the 
anatomical observations as to the functions of these muscles is valid, disagreeing 
with the views held by S. Goro and C. W. and C. H. Greenr. Since these 
experiments were carried out only on the carp it may be too bold to apply 
the same conclusion to other fishes, but the similar anatomical feature of 
their muscles makes it highly probable that they bring forth the same ex- 


perimental results as obtained from the carp. 
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9. CAN THE SuPRA- AND INFRACARINALIS PRODUCE THE DORSAL 
AND VENTRAL FLEXIONS OF 
THE Bopy ? 


C. W. and C. H. GREENE state that the chief function of the supracari- 
nalis and the infracanalis in the king salmon is to produce the dorsal and 
ventral flexions of the body. 

Observations on the movements of the various bony fishes show us, how- 
ever, that no such motion* can be recognised on the body while the fish is 
swimming ; and even if such a motion exists, it will be too slight to be seen, 
and in most cases such a motion may probably be restricted only to the candal 
part of the body. The origin and the insertion of these muscles, as stated 
above, and their rather feeble development in most cases, induce us to believe 
that these are too weak to produce such an extensive motion as the dorso- 
ventral flexions of the body. In the region before the caudal part of the 
body, especially in the fishes whose dorsal or anal fins are situated near the 
head, the production of such a motion by these muscles lying in front of the 
fins is not possible, since these are too feeble to produce such a big motion ; 
and even in the caudal region the occurrence of such a motion is very doubt- 
ful in most fishes, especially in those in which the finlet is developed, such as 
Thunnus, Auvis, Euthynnus, Cybium, Cololabis, Decapterus, Katsuwonus, Ggimno- 
sarda, Sarda and Acanthocybium where the poor development of the posterior 
carinalis necessarily exclude such a motion. In the carp, in spite of the good 
development of the carinal muscles, the dorsal and the ventral flexions of the 
body cannot be produced by them, the electric, chemical and mechanical 
stimuli on these muscles exercising no effect whatever on the motion of the 
body and the fins, as stated above. These considerations on the carp may not 
be applied with equal value to the other fishes, as said before. However, 
similar conditions prevail in those fishes as in the carp observed by me, so 
that it will not be quite unreasonable to assume that the conclusion here 


arrived at can also be applied to them. 


* Fishes with elongated bodies such as Congers, Anguilla, Misgurnus, ete. which make 
serpentine movements naturally form exceptions. 
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8. CONSIDERATIONS AS TO THE RELATION OF THE SUPRACARINALIS AND THE 
INFRACARINALIS TO 'THE FIN-MUSCLES OF THE DORSAL 


AND ANAL FINS. 


The development of the supra- and infracarinalis differs greatly in different 
kinds of bony fishes. In some, these are well developed, while in others we 
cannot find eyen a trace of them. It is a noteworthy fact that in those fishes 
where the dorsal fin extends to the occiput, the anterior supracarinalis is 
entirely absent, and where the dorsal or anal fin is continuous with the 
caudal fin, the posterior supra- or infracarinalis is wanting. These facts, 
together with the mode of development of these muscles and the innervation 
from the spinal nerve, make us believe that these muscles are homologous with 
the fin-muscles of the dorsal and anal fins. 


In Oncorhynchus keta* the “ Anlagen ” 


of these muscles take their origin 
from the myotomes in the same manner as those of the fin-muscles of the dorsal 
and anal fins, which during the developmental stages take the form of the 
supracarinalis and the infracarinalis, while those placed at and near the regions 
where the dorsal and anal fins develop, are transformed into the fin-muscles 
of these fins. Also, these muscles are innervated by the spinal nerve just as 
in the fin-muscles of the dorsal and anal fins. 

In Paracentropogon rubripinnis (Pl. XIV, Fig. 3) and Limander yoko- 
hame in which the dorsal fin extends to the head, the anterior supracarinalis 
is entirely absent, whereas in Oncorhynchus keta, Scomber japonicus and Cyprinus 
carpio (Pl. XIV, Fig. 1), where the dorsal fin is situated far behind the head, 
this muscle is found between the head and the dorsal fin. Now, the absence 
of this muscle in Paracentropogon and Limander is to be accounted for by the 
presence of the fin-muscle of the fin rays. To the same assumption the 
presence of this muscle in Oncorhynchus, Cyprinus and Scomber is to be looked 
for, where from the absence of the dorsal fin the fin-muscles became more or 
less abortive and took the form of the anterior supracarinalis. 

Without studying the development of the dorsal fins of Paracentropogon 


and Limander this assumption might seem to be rather too bold; but the 


* The details will be treated in my next paper now under preparation. 
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mode of development of this muscle in Oncorhynchus, together with the occurrence 
of the intermediate forms connecting two extremes makes it very probable that 
this in reality is the case. Thus in Pagrosomus major (Pl. XIV, Fig. 2), 
the anterior supracarinalis is divided into four parts by ‘three spurious inter- 
neurals, a fact which tends to show the original paired condition of the muscle, 
although the fibers of these parts run antero-posteriorly. 

Tn the same way the posterior supracarinalis can be considered as homo- 
logous with the fin-muscles of the dorsal fin, the posterior infracarinalis with 
those of the anal fin. As in the anterior carinal muscle, so we find here also 
some important facts in favor of this view. Thus, in the fishes in which the 
finlets are developed, such as Scomber japonicus (Pl. XIV, Fig. 4), Cololabis 
saira (Pl. XIV, Fig. 5) and <Auvis maru, especially in the latter two, the 
fin-muscles of some finlets do not take the position common to those of the 
fin rays of the dorsal or anal fins, but show a character which reminds us of 
that of the posterior carinal muscles, the fin-muscles of the finlet being more or 
less fused and with their fibres running almost longitudinally, especially the 
muscles of the hindermost finlet which are in general completely fused together, 
and form a single muscular bundle. In this last condition it is quite impossible 
to find any distinction between these and the posterior carinal muscles (see the 
figure of Cololabis saira, Pl. XIV, Fig. 5). 

The posterior carinal muscles are always found between the last fin ray 
of the antecedent fin or last finlet and the caudal fin. Thus in fishes which 
have only one dorsal fin, such as in Cyprinus, the muscle originates from the 
hindmost interneural of the dorsal fin, in the fishes with two dorsal fins, such as 
Mugil cephalus, it originates from the same of the second dorsal fin ; in Scomber 
(Pl XIV, Fig. 4) and Cololabis (PI. XIV, Fig. 5), which are furnished with 
finlets, its origin is attached to the holder of the hindmost finlet. 

In the same way the posterior infracarinalis always originates from the 
interhaemal of the last fin ray or from the last finlet, if it occurs. ‘Thus in 
Cololabis and Scomber it originates from the hindmost finlet. (Pl. XIV, Fig. 
4 and 5). 

It is interesting to note in this connection, that when the last fin ray is 
placed close to the caudal fin, the supra- or infracarinalis is necessarily very short 


and assumes the shape of the fin-muscles of the ordinary fin rays. This will 
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be also the case with the muscle or muscles between two or more fins or finlets, as 
in the case in fishes with continuous fin such as Auguilla japonica, Leptocephalus 
_myriaster or Brotula multibarbata (Pl. XIV, Fig. 6). The comparison of the 
muscles of Brotula with those of Scomber and Cololabis (Pl. XIV, Fig. 4, 5 
and 6) will be of interest, as showing the gradual transition from the ordinary 
fin-muscles to the posterior supra- and infracarinalis. 

The important contribution to the structure and the phylogeny of the 
unpaired fins by J. J. SCHMALHAUSEN, is, in this connection, of special interest. 
To the fin rays of the caudal fin in Conger are attached three pairs of muscles, 
the erectors, the depressors and the inclinators, just as to those of the other 
median fins. A quotation from his statement runs as follows :— 

“ Hier ist der Ort, auf die Schwanzflosse einiger Teleostier aufmerksam 
zu machen, bei welchen diese nur physiologisch als solche erscheint, morpholo- 
gisch aber die hinteren Teile der Dorsalis und Analis vorstellt. Dieses findet 
z B. bei den Apoda statt; ich habe die Muskultur der Schwanzflosse bei 
Conger untersucht, sie erscheint als unmittelbare Fortsetzung der Muskulatur 
der Riickenflosse dorsal, und der Afterflosse ventral; an einem jeden Haut- 
strahle inserieren die fur diese Flossen charakteristischen drei Muskelpaare 
(Museculi inclinatores, erectores und depressores); da die Hautstrahlen der 
Schwanzflosse durch eine Reihe freier Flossentriiger gestutzt werden, die yon 
ebensolchen der Dorsalis und Analis nicht unterscheidbar und auch nicht 
abgegrenzt sind, und ausserdem auf dem iussersten Schwanzende noch ein 
Rudiment des typischen Teleostierschwanzskelettes, aus drei ganz kleinen 
Hypuralia bestehend, erhalten ist, so erscheint es unzweifelhaft (es wurde diese 
Meinung auch friither schon ausgesprochen), dass wir es mit der nach hinten 
sekundaér ausgebreiteten Riicken- und Afterflosse zu tun haben. Bei den 
Apoda ist, wie gesagt, noch ein kleines Rudiment des Skelettes der urspriing- 
lichen homocerkalen Schwanzflosse erhalten geblieben ; bei den Fierasferidce ist 
es aber ganz verschwunden—die priméire Schwanzflosse ist vOllig reduziert und 
durch die Dorsal- und <Analflosse funktionell ersetzt worden. Solch eine 
Schwanzflosse, die aus den zusammengetretenen Dorsal- und Analflossen gebildet 
ist und sekundiir symmetrisch erscheint, hat RypER gephyrocerkal genamnt ; 
fiir solehe Flossen (aber nicht fiir alle sekundar symmetrischen Schwanzflossen, 


wie man das gewOhnlisch tut) soll man diese Bezeichnung beibehalten, 
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Die Schwanzflosse des Polypterus kann also ebenfalls teilweise (nur in 
ihrer dorsalen Hiilfte) als gephyrocercal bezeichnet werden.” 

Although he does not mention anything about the relation between these 
muscles and supra- and infracarinalis, his statement is sufficient to support 
my view on the relation between the fin-muscles of the dorsal or anal fin and 
the posterior carinal muscles. 


The discontinuous fin can be considered as a special case of the continuous 


a a’ a’ 
b 


~ 


—----q------| 


Text-fig. 2, Diagrammatic figure of continuous fin of a fish, showing the relation between the 
fin-muscles of the dorsal or anal fin and the posterior carinalis. 

a, a’, a’, b, b/, b/, b/’, fin rays; ¢, c’, c/’, fin-muscles. 
fin and we can assume the gradual transition from the continuous to the dis- 
continuous fin and from the ordinary fin-muscles to the posterior carinalis. If 
the anterior fin rays (Text-fig. 2 a, a’, a’’) are separately inserted from the 
posterior or caudal fin ray (6) and the fin-muscle (c’) belonging to the fin 
ray (6) is prolonged, or the fin ray (a’’) or rays (a, 6) have disappeared and 
the muscles (¢, ¢’) of those fin rays are fused, then the continuous fin will be 
changed into the discontinuous, and at the same time the fin-muscle or muscles 
(c' or ¢, ce’) which remained between those newly formed discontinuous fins 
will take the same relation as in the posterior carinalis and the median fins 
in the ordinary discontinuous-finned fish. 

If we take these assumptions and the above quoted statements of 


ScHMALHAUSEN together into consideration, we shall understand that the 
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posterior supra- 4nd infracarinalis are homologous with the fin-muscles of the 


dorsal and anal fins. 


4, THe VARIATIONS SEEN IN THE DEVELOPMENT OF THE SUPRA- AND 
INFRACARINALIS AMONG DIFFERENT FISHES. 


If the supra- and infracarinalis are muscles in abortive condition, then it 
is natural to find great differences in their development, as is usual with all 


such organs. The following table (Table I) shows that this is the case. It 


TABLE I.* 


Median longitudinal muscles. 


Names of Fishes. Supracarinalis. Infracarinalis. 


Anterior] Median |Posterior] Anterior] Median |Posterior 


Anguilla japonica n n n 
Leptocephalus myriaster n n n 
Enedriaes nebulosus ? n n ? 
Misgurnus angullicaudatus n p p 
Carapus sagamianus n n n 
Brotula multibarbata n n n 
Cyclogaster sp. ? ? n ? 
Oncorhynchus nerlea p p p Pp 
Etremeus micropus p p p p 
Clupea pallasi p p p 
Cyprinus carpio p p p p 
Scomber japonicus p n p Pp 
Limander yokohamae p n p p 
Trichiurus japonicus n p n 
Paracentropogon rubripinnus p n p p 
Plerois lunulata p n p p 
Helicolenus emblemarius p ? p p 
Mugil cephalus p ? p p 
Monacanthus japonicus p n P Pp 
Gadus macrocephalus n n n n 
Cololabis saira p p p Pp 


* p, present; n, absert. 
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will be seen in the first place that the part belonging to the supracarinalis 
shows great differences in development. The anterior supracarinalis is entirely 
wanting in Paracentrapogon (Pl. XIV, Fig. 3), Anguilla, Limander, Brotula 
etc. The first median supracarinalis is well developed in Mugil (Pl. XV, 
Fig. 6. med. sup.) and Monacanthus japonicus* between the first and second 
dorsal fins, which in Scomber is found to be quite obscure, and in Gadus (PL. 
XY, Fig. 5) no special muscle can be recognised in the sume place, which is 
occupied by the enlargement of the erector muscles belonging to the first ray 
of the second dorsal fin. The posterior supracarinalis (also infracarinalis) is 
obscure in Gadus. 

The median infracarinalis or the muscle lying between the anal and the 
ventral fins does not always extend from the pelvic bone to the anal fin, 
and is also very variable in development in different fishes. In Anguilla, 
Brotula and Gadus this muscle has entirely disappeared ; in Scomber (Pl. XV, 
Fig. 7. med. inf.), Cyprinus (Pl. XV, Fig. 3. med. inf.), Oncorhynchus and 
Etremeus it extends from the pelvic bone to the anal fin; in Paracentropogon 
(Pl. XV, Fig. 2. med. inf.) it is developed only in the posterior part of the 
interval between the pelvic and the anal fins. In <Ammodytis personatus 
(Pl. XV, Fig. 4. med. inf.) where no pelvic fins occur, the muscle is continuous 
from the anal fin to the isthmus. Thus, while the anterior infracarinalis is 
quite distinct in Cyprinus, Etremeus and Oncorhynchus, it is absent in quite a 
number of other fishes, such as Anguilla, Leptocephalus, Enedrias, Misgurnus, 


Scomber ete. In Oncorhynchus and Etremeus the anterior infracarinalis is 


inserted at the anterior end of the pelvic bone, but in Cyprinus the posterior - 


end of the muscle is prolonged farther backward, ventral to the muscles of 
the ventral fin to be inserted in the posterior end of the pelvic bone, immediately 


before the attachment of the median infracarinalis. 


5. ON THE INCLINATOR MUSCLE OF THE DORSAL FIN. 


There is an interesting fact as regards the inclinator muscle of the dorsal 
fin in Anguilla japonica (Pl. XIV, Fig. 8. inel.), Scomber japonicus (Pl. XTV, 
Fig. 7. incl.) and Clupea pallasi, which seems to contribute an important 


* The first dorsal of this fish is considered by D. S. Jonpan to have been reduced to a 
stout spine. 
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confirmation to my conclusion as to the origin of the supracarinalis and the 
infracarinalis. In most of the fishes the inclinator muscle is found only in 
the regions of the dorsal and anal fins, being attached on each side of the fin 
ray, whereas in the above mentioned fishes it is developed even at the places 
where the fin rays are not found. 

In Scomber the muscle is attached to the base of the fin ray between the 
erector and depressor muscles, and with its lower end to the body muscles; 
in the region of the second dorsal fin its fibres form more or less a compact 
bundle. In the region of the first dorsal fin and in the space between the 
first and second dorsal fins, as well as in the median line in front of the first 
dorsal reaching forward as far as the head, the fibres are rather loosely 
arranged. Similar arrangement of the inclinator muscle to that on the anterior 
part of the body in Scomber is also seen in Clupea and Anguilla, in such a 
way that in Clupea the muscle is found along the dorsal fin and forward, 
while in Anguilla it is found along the dorsal line of the fish from right 
behind the eyes to the end of the tail, and is, moreover, very highly de- 
veloped. 


6. SUMMARY. 


From the aboye observations and considerations I am inclined to conclude 
that firstly, the supracarinalis and infracarinalis in Cyprinus and many other 
bony fishes can neither move the dorsal, the pelvic, the anal or the caudal 
fin, and their contraction is, as the experiments on Cyprinus show, too weak 
to cause the dorsal and ventral flexions of the body; and secondly, these 
muscles were primarily the fin-muscles of the fin rays, which together with 
the] partial elimination of the median fins in most fishes, became rudimentary. 
This latter fact may possibly contribute a strong argument in fayor of CARL 
Rasv’s view of the origin of the median fin in contradiction to that of ANTON 
Dourn, especially when the view on the homology of the anterior and median 


infracarinalis with the fin-muscles of the anal fin is proved to be valid. 
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Fig. 1. Cyprinus carpio L.. 
Fig. 2. Pagrosonus major (T. et 8.). 


Fig. 3. Paracentropogon rubripinnis (T. et 8.). 


ON 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Fig. 7. 
Fig. 8. 
Fig. 1. 
Fig, 2. 
Fig. 3. 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Fig. 7. 
Fig. 8. 
Fig. 9. 


THE HOMOLOGY OF THE MEDIAN LONGITUDINAL MUSCLES, ETC. 213 


Scomber japonicus 


Houttuyn. Side view of the caudal part. 


Cololabis saira, Side view of the caudal part. 


Brotula multibarbata. Side view of the hind part of the continuous median fin. 


Scomber japonicus. 


Anguilla japonicus 


Dorsal view. 
T. et S.. Dorsal view. 


PLATE XY. 


Scomber japonicus. Ventral view. 
Pp 


Paracentropogon rubripinnis, Ventral view. 


Cyprinus carpio. 


Ventral view. 


Ammodylis personatus Girard. Ventral view. 


Gadus macrocephalus (Tilisius). The parts of the first and second dorsal fins. 


Side view. 


Mugil cephalus L.. The first and second dorsal fins in side view. 


Cyprinus carpio. 
Cyprinus carpio. 


Cyprinus carpio. 


Cross section of the place just behind the occiput. 
Cross section far behind Fig. 7. 
Cross section at the part behind the dorsal fin. 
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The Spermatogenesis of an Orthopteron, Atracto- 
morpha Bedeli Boliv. 


By 


Jiro Machida. 


(From the Laboratory for Agricultural Zoology, 
Director, Piof. Curvomarsu IsHrKawa.) 


With Plate XVI-XVIII. 


The present study was undertaken with the object of following in detail 
the spermatogenesis of an Orthopteron, Afractomorpha bedeli Boliv. The 
spermatogenesis of this Orthopteron gives evidence of the presence of an un- 
paired modified chromosome or so-called accessory chromosome which shows 
peculiar behavior, especially in its staining capacity, in the meiotic and in the 
post-meiotic generations, and also in the phase immediately preceding the meiotic. 
The author is much indebted to Prof. Isanxawa, for suggesting to him this 
subject for study and for the aid and facilities given him during the progress 
of this work, especially for the working out of the manuscript. Thanks are 
also due to Prof. Yarsu of the Science College who kindly lent the necessary 


literature on the subject. 


I, Materials and Methods. 


Atractomorpha bedeli is a green or occasionally brown colored small short- 
horned grasshopper (Acridide) which has a conical shaped head and is com- 
monly found in the fields near Tokyo. The size of the male and the female differ 
very much, the former being about one inch long and the latter one inch and 
a half. The testes are paired and lie in the abdominal cavity, surrounding 
the alimentary canal. The testicular follicles are white in color and con- 


nected one with the other by yellowish fibers. Each follicle is club-shaped, 
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with its stall opening into the yas deferens. The number of the follicles in 
each testis is about twenty to twenty-five, rarely twenty-cight, being variable 
with different individuals. Spermatogenctic stages of every description may be 
found in the testes of any individual, but for the observation of young 
spermatogonia larvae are more desirable. As a rule, the cysts situated further 
away from the blind end of the follicle represent more advanced stages than 
those placed near it, but these may not always be found in order of deyelop- 
ment. All the cells in a single cyst are generally in about the same stage. 

The materials used in these studies were cbtained in the garden of the 
College of Agriculture at Komaba. The testes which were taken out from 
the abdominal cavity were placed in the normal salt solution, and by means 
of fine needles the follicles were then separated from each other and immediately 
transferred into fixing agents. For the fixation I*'LEMMING’s chromo-aceto- 
osmic acid mixture (weak formula) and an aqueous solution of sublimate were 
used, but this latter was almost useless for observations. 

Several stains were tried. Of these Hr1mpENHAIN’s iron-haematoxylin gave 
the best result, but FLEmMrNe’s tricolor stain and DrLAriELD’s haematoxylin 
were frequently found to be of use for control. Sections were cut five or ten 
micra thick. 

As the various stages could be seen in a single section, and the order of 
the development was conveniently traced out, longitudinal sections were more 
favorable for observation than transverse ones; but as to the views of the 
spindles there was no great difference in the direction of the sections, since 
these lie in every possible direction in a cyst. 

Smeared preparations were also used with advantage, as in the sections 
the spiremes were liable to be cut into piecas, or some chromosomes of 
a single cell might come to be placed in different sections which made the 
number of chromosomes uncertain. The smexring was done with needles with 
which the follicles were opened and the contents quickly spread on the slide. 
The object was now exposed to the fumes of 1% solution of osmic acid 
for two to three minutes, next immersed into 70% alcohol and_ stained 
with the same stains as used for the sections. The preparations thus made 
gaye no good results, the cells swelled and the chromosomes changed their 


forms more or less, but they were found to be useful for the control of the 
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sections. The entire shape of the mature spermatozoon was best studied by 
teasing them out of the follicles which were preserved as mentioned above, 
stained with DELAFIELD’s haematoxylin and macerated with 2° chloral 


hydrate. 


II. Observations. 
A. THE SPERMATOGONIA. 


Young spermatogonial cells are not packed together as is seen in older 
ones. They are situated at the blind end of the follicle, and attached to the 
wall. The nucleus is relatively large as compared with the amount of the 
cytoplasm, and the chromatins are scarcely visible (Fig. 2). 

The nucleoli have irregular shapes and their size varies. In many cases 
their number is found to be four but sometimes three, and niore rarely two 
or one. ‘These variations in the number of nucleoli are either caused by the 
coaleszence of the four primary ones, or by the miscalculation of the number 
produced from the scattering of the nucleoli in the process of sectioning. 
That the former explanation appears to be true is seen from the fact that 
where there are three nucleoli present in a nucleus, one is considerably larger 
than the other two. The nucleoli give the appearance of granular construc- 
tion composed of aggregated chromatin granules which remain undiffused, 
while the other chromatin granules lose their staining capacity. They are to 
be observed only in the resting cell, but become later concealed among the 
spiremes. The behavior of the nucleoli in the cell of the ovarian follicles and 
oogonia is quite similar to that of the spermatogonia, becoming also concealed 
among the spiremes in later stages of development (Figs. 71, 75). 

At the commencement of the prophase the chromatin granules become 
gradually apparent, presenting a reticular appearance. They arrange them- 
selves in rows, which are probably situated on the linins, but never become 
diffused irregurally throughout the nucleus. The reticular condition of the 
threads can be traced to some distance, even in the earlier stages (Figs. 3, 4). 

The spiremes thus formed represent a peculiar appearance and look like 
contorted elastic threads which are distributed throughout the whole space of 


the nucleus (Fig. 5). The spiremes become gradually denser and thicker until 
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the contorted character is lost. At the stage in which the spiremes have lost 
their contorted character, the longitudinal splits are clearly visible (Figs. 6, 
7). In a dense spireme stage it is impossible to observe whether the spiremes 
are continuous or not, owing to the great contortion. As, however, in a stage 
immediately following this, the individual segments can be made out, it seems 
very probable that they are segmented even in the earlier stages. The position 
of the segments, which are at first irregular, gradually come to take the form 
of a radial rosette which probably represents the equatorial plate of the ensu- 
ing stage (Ifig. 8). The spiremes continue to become shorter and thicker until 
they assume short rod shapes (Fig. 9). The nuclear membrane is now dis- 
solved, and the spindle is formed (Fig. 10). 

In the polar view of the equatorial plate of the metaphase, the number 
of the chromosomes may be counted as nineteen which are arranged radially 
around an open central space where one or two chromosomes are observed. 
Departures from {this characteristic number are observed in the cells of the 
same testis. It is, however, impossible to say, owing to the difficulty of 
getting a correct count, whether these departures really exist. But the 
possibility of the existence of the variation in number may become more prob- 
able after the observation of the metaphase of the first spermatocytes. 

The chromosomes vary regularly in size from the largest to the smallest. 
As many authors have pointed out, it is very probable that they occur in 
pairs with an exception of a single unpaired one. But unfortunately the 
differences in size between the neighboring chromosomes in the series are too 
little and, moreover, the length and thickness of the individual chromosomes 
differ so much that it is difficult to recognize exactly the paired ones, and the 
unpaired one is also difficult to be made out. Though in the lateral view of 
the metaphase the chromosomes appear very crowded, the individual chromo- 
somes can be traced by carefully focussing the microscope. 

Every chromosome divides longitudinally along the split which has 
appeared previously. The division commences at one extremity of the chromo- 
some, drawing the daughter chromosomes toward each pole, thus showing that 
the insertion of the spindle fibers is at the end of the chromosomes and not 
median (Figs. 10, 15, 16). 


When the halves of most of the chromosomes thus separated have reached 
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or are about to reach the poles of the spindles some chromosomes are seen with 
their ends behind the others owing to the greater length. Surron (00), 
Orrte (’07) and McCiune (708) have described one of such chromosomes as the 
accessory chromosome, not only on account of its greater length but because of 
its behavior. In Atractomorpha more than one chromosome lags behind the 
others in the division, a fact which makes it difficult to ascertain which one 
of these is in reality the accessory chromosome. This, however, becomes 
apparent in the telophase of the secondary spermatogonia where one chromo- 
some can distinctly be recognized among the others by its behavior. 

At the commencement of the telophase the chromosomes are aggregated 
and soon they regain more or less rosette arrangement, retaining their indivi- 
dualities, and become less compact and granular. Each chromosome indicates 
the longitudinal split which seems to be the preparation of division for the 
next mitotie cycle (Fig. 17). After they remain in this condition for a while, 
they diffuse gradually throughout the nucleus. In this condition, it is difficult 
to determine whether the cell is at an early prophase or at the later telophase 
(Figs. 3, 4, 18). 

In the resting stages of the younger spermatogonia, the chromosomes are 
diffused completely, but in those of the later spermatogonic generations the 
diffusion of the chromosomes becomes incomplete and the nuclei pass over 
quickly to the prophase of the next mitotic cycle. As the generations advance 
the prophase becomes also shorter and therefore contorted spiremes as that 
shown in Fig. 5 are scarcely to be observed. 

In the last spermatogonia, spaces are produced between the cells, due to 
the increasing of the volume of the cyst before they enter the metaphase (Fig. 
1d). But in certain cases which happen usually in larval or young testes, 
the spaces are produced after the cells end the spermatogonial mitosis and 
enter the growth period (Fig. 1 e). 

In the telophase of the secondary spermatogonia the behavior of the 
chromosomal disintegration is different in some respects from that in the primary 
spermatogonia. Here all the chromosomes do not become diffused as in the 
primary spermatogonia, but one of them does not disintegrate and remains 
almost homogeneous in structure but with a slight loss of staining capacity. 


This undiffused chromosome may be considered as an accessory chromosome as 
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judged from the behavior hereafter to be described. It migrates from the 
rosette and comes to lie close to the nuclear membrane where it lies until 
the cell enters the metaphase of the first spermatocytes (Figs. 19-23). 
Comparison of the ovarian follicle cells and oogonial cells with the primary 
spermatogonia above described, shows that the processes are almost homologous 
but the secondary spermatogonia represent some diversities iu this, that in the 
female cells the undiffused or accessory chromosome is never to be found with- 
in the nuclei, although the nucleoli are visible as in the spermatogonia (Figs. 


70-77). 
B. THe SPERMATOCYTES. 


a. The Growth Period. 

As the telophase of the spermatogonia passes gradually to the growth 
period, the distinction between the two can scarcely be traced. But for the 
sake of convenience the stage in which the chromatins appear to reach final 
diffusion will be taken as such (Fig. 25). 

The earliest stage of the growth period, as already described, can easily 
be distinguished from the younger spermatogonia by the perpetuation of the 
accessory chromosome. ‘The cells increase in size, becoming three or four times 
as large as they were at the beginning of this stage and the spaces produced 
between the neighbouring cells in the metaphase or the telophase of the last 
spermatogonial division become completely obliterated (Figs. 26, 27). The 
growth of the cells is accompanied by that of the nuclei, so that the relative 
size remains constant, the nuclei being always comparatively large. Through- 
out the growth period the nucleoli are distinguishable as an apparently aggre- 
gated mass of chromatin granules which are deeply stained. They often 
approach the accessory chromosome and unite with it or they unite with one 
another (Figs. 25, 26). These unions, however, appear to be only the result 
of attachment, and not the conjugation, phenomena similar to this being 
observed in other cells at resting stage; where no conjugation is expected to 
happen. When the spiremes appear and the chromatins regain the staining 
capacity the nucleoli can not be distinctly seen (Figs. 27, 28). 

b. The Ordinary Chromosomes in the First Spermatocytes. 


Even in the stage when the ordinary chromosomes are entirely diffused, 
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the chromatin granules do not distribute irregularly within the nucleus and seem 
to be so arranged along the linin fibers that they form a network of delicate 
granulated threads. Together with the growth of the cell the granulated 
threads gradually increase their staining capacity and thickness (Fig. 26), and 
at last when the cells fill up the space of the cyst, these appear as convolute 
threads uniformly scattered within the nucleus (Fig. 27). 

Even in very delicate threads, the granules appear to be arranged in 
double rows, thus showing evidence of longitudinal splits in the spiremes. The 
synizesis stage can not be recognized, a fact which has often been described by 
investigators of the spermatogenesis of Orthoptera. The double character of the 
spiremes becomes more evident as the stage advances, until it can be clearly 
recognized as the longitudinal split. This thickening and shortening of the 
spiremes together with the increasing of the staining capacity continues and 
the spiremes represent a coarse appearance, containing deeply staining chromatin 
granules (Figs. 28-30). 

Though the spiremes, apparently, seem to be very convoluted at the stage 
shown in Figs. 29, 30, careful observation shows that they consist of some 
loops which are aggregated. The spiremes are, however, too convoluted to show 
their exact number at these stages, but it is very probable that they are of 
constant number, which coincides with the number of the ordinary chromo- 
somes in the metaphase. Moreover, the relative size of the spiremes may 
differ as much as the chromosomes. In the earliest stage or in the growth 
period it is not possible to say whether the spiremes are continuous or not, 
owing to their bad staining and to their very delicate structure (ig. 26). 
But that the spiremes are not continuous at little later stages is evident from 
the fact that they clearly represent many blind ends, even though individual 
ones can not be traced. 

The spiremes still continue to shorten and homogeneous bodies are 
formed instead of granular ones. At the same time, these become compact 
and show a tendency to aggregate at the central portion of the nucleus (Fig. 
31). It is, however, impossible to assert whether in every case in this stage 
the chromosomes assume this tendency, as the chromosomes, in certain cases, 
appear as if passing over directly to the ensuing stage, as shown in Figs. 


32, 33. But it is certain that the aggregation of the chromosomes is not 
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produced artificially, since the cells in a single cyst are found in this condition 
while the cells in the neighboring cyst show the ensuing stage. 

The chromosomes now change their form and represent the characteristic 
appearance foind usually in the metaphase of the first spermatocytes of Orthoptera 
(Figs. 82, 33). Longitudinal splits which become once indistinct in those stages 
where the chromosomes aggregate at the central portion of the nucleus, become 
again clearly visible. The transverse cleft becomes also visible at the point 
where the paired spermatogonial chromosomes conjugated, thus showing the 
preparation of the reducing division. The nuclear membrane disappears and 
both the longitudinal and the transverse clefts become again scarcely visible 
when this last stage is attained. 

In the metaphase, beside one accessory chromosome, nine ordinary chromo- 
Somes are found which represent half the number found in the spermatogonia 
(Figs. 34-86). But in some cells, though rarely, eight ordinary chromosomes 
are observed, an accessory chromosome being always present (Figs. 37-39). As 
this last number can be exactly counted not only in sections but in smeared 
preparations where the possibility of miscounting may be out of question, we 
can conclude that there is a variety as to the number of chromosomes in the 
spermatocytes of Atractomorpha. An observation of the metaphase shows the 
various forms and sizes of the chromosomes. ‘Tendency to construct the various 


forms is recognizable from the stage when the spiremes begin to be compact 


1° 


structures. Since the length, the thickness and probably also the form of 
corresponding chromosomes in different cells differ more in this stage than in 
a spermatogonial metaphase, it is very difficult to recognize the corresponding 
chromosomes in the different cells, as in Melanoplus bivittatus (Nowy, 708), 
Syrbula admirabilis (ROBERTSON, ’08) or Locusta viridissima (Orre, 07). But 
the smallest chromosome is always recognizable, not only by its smallest size 
but also by its rod or dumb-bell shape which makes it convenient for the 
comparison of size. The largest one is, however, often indistinguishable on 
account of its varying form. 

The final construction of the chromosomes in the metaphase shows them 
to be rod, dumb-bell, cross, ring, and more or less modified shapes. These 
latter are in the shape of a bent rod, or a cross in which both or one 


arm is more or less bent so as to make the entire chromosome appear as 
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asymmetrical, or the cross axis of the chromosome assumes the form of a 
complete or incomplete ring. Of all these forms, the dumb-bells are always 
assumed by smaller chromosomes. 

Observations of the late prophase just preceding the metaphase show that 
these various shapes may be referred to a simple rod type, formed by con- 
jugation of paired chromosomes of the spermatogonia. The arms of the 
cross are formed by the bulging out, on both sides of the conjugated ends, 
of the chromosomes at right angle to the original rod which now becomes 
the axis of the cross. The only difference between the dumb-bell and the rod 
lies in the degree of the attachment of the component chromosomes after they 
have conjugated. Either the conjugated chromosomes may retain their original 
round forms, or their united ends become more or less flattened and thus they 
pass gradually to the simple rod. The ring is formed by union of the free 
ends of the bivalent chromosome. In the late prophase, there are many other 
shapes, such as V, Y, K, 8 etc., and these are to be interpreted as forms 
assumed by the bivalent chromosomes in their formation of rod, cross or ring. 

Details as to the discussion of the tetrad formation above given have been 
already described by many investigators of the spermatogenesis, such as PAUL- 
MIER (’99), Monraomery (00, 711), McCriune (’02), Gross (04, 706), Orr 
(07), Rogertson (’08), WitkE (07), Bucuner (09) and McCiune and 
Priysey (’11). In this respect Atractomorpha forms no great deviation except 
in a few points which will be discussed later in the general consideration. 

The nuclear membrane now disappears and the ordinary chromosomes 
take their position in the equatorial plate of the spindle with their longitudinal 
axes parallel to the axis of the spindle, except the rings. These are so placed 
that the plane of the ring lies perpendicular to the axis of the spindle, thus, 
in the lateral view, making it appear like a rod laid parallel to the equatorial 
plate (Fig. 40). 

Every chromosome regains its original rod shape when it is just about to 
divide. The restoration is produced by drawing in of the arms of the cross 
toward the axis, or by the separation of the united end of the ring above 
described (Fig. 40). 

The line of conjugation of the component chromosomes becomes more 


and more conspicuous, and the chromosome separates into its components at 
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this line (Fig. 41). From this behavior it is evident that in this mitosis the 
chromosomes are divided transversely and therefore it is a reduction-division. 
Further discussion on this point will be given in the general consideration. 

When the chromosomes thus separated travel toward the respective pole, 
the posterior end of each flies apart and a V or U shape is produced (Figs. 
41, 42). Migration of the chromosomes toward the poles is so rapidly carried 
out that the stage shown in Fig. 42 is rarely found in the sections. 

As soon as the chromosomes arrive at the poles they so closely aggregate 
that the individual chromosomes are scarcely distinguishable (Fig. 44). But 
soon after this the staining capacity of the chromosomes becomes less and 
their individuality can again be made out. Each now shows somewhat 
granular structure (Figs. 45, 46). From the observation of this stage and of 
that shown in Fig. 43 which represents a stage just before that of Fig. 44, it 
is most probable that the last condition of the chromosomes of the first sperma- 
tocyte is the V or U shapes assumed during the anaphase, and thus their 
individuality is most probably maintained. 

c. The Ordinary Chromosomes in the Second Spermatocytes. 

The faintly stained chromosomes aboye described become again more and 
more distinet by increasing their staining capacity, their outline becomes smooth, 
and the homogeneous chromosomes are thus formed (Figs. 47-49). 

Here it should be noticed that at the late telophase of the first sperma- 
tocytes the chromosomes become massed together and cause the nucleus to appear 
smaller than it really is, and as a result of this, this phase is often apt to be 
mistaken for the spermatids. But from the fact, that in this phase the size 
of the nucleus itself remains constant as a whole, while the space occupied by 
the chromosomes decreases, and that this phase is often found in the eyst in 
which many of the cells are in the metaphase of the second spermatocytes 
(Fig. 49), it is evident that these cells are in fact the prophase of the second 
spermatocytes, and not the spermatids, the cells of which are in fact much 
smaller than these (Figs. 56, 57). 

The prophase of the second spermatocytes is short, and when the chromo- 
somes haye assumed homogeneous condition the nuclear membrane disappears. 
Tn the metaphase the chromosomes quickly take the radial arrangement with 


their longitudinal axes placed on the equatorial plate of the spindle, contrary 
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to the metaphase of the first spermatocytes. The number of chromosomes is 
generally nine in eyery cell besides one accessory chromosome wherever it 
occurs (Figs. 49, 50). 

Most of the chromosomes assume a V-shape with a narrow angle, the 
apices of which are as usual directed toward the axis of the spindle. The 
two arms of the V are generally contained on the plane perpendicular to the 
equatorial plate of the spindle (Figs. 51, 52). Neither ring nor cross is found. 
Tt is clear that the two limbs of the V are nothing else than chromatids 
separated by the longitudinal split, because the form, size and thickness of the 
limbs are yery like those assumed in the anaphase of the first spermatocytes as 
already mentioned. It can easily be considered that the opening of the split 
which has occurred in the preceding mitotic cycle, may be repeated in the 
metaphase or in the anaphase of this stage. The behavior of the accessory 
chromosome in this stage gives more positive proof that the angle of the V is 
a longitudinal split of the chromosome. In this way, the chromosomes are 
divided longitudinally and the second spermatocyte mitosis is consequently an 
equation-diyision. The chromosomes in the anaphase are in the shape of a 
more or less bent rod but never in any other shape (Figs. 53, 54). 

As in the first spermatocytes, when the chromosomes haye reached the 
poles they are so closely massed together within the nucleus that the individual 
chromosomes are difficult to distinguish (Fig. 55). At the same time, they 
lose gradually their staining capacity before they begin to diffuse (ig. 56). 

After the diffusion of the chromosomes there remain, besides some minute 
granules, some deeply stained bodies of various sizes and forms, some of which 
are sometimes confluent with the accessory chromosome (Figs. 57, 58). Their 
number seems to be constant, coinciding with those in the spermatogonia. It 
is easily conceivable that thes» bodies may correspond to the nucleoli which 
haye appeared in the previous resting stages, as already described. 

d. The Accessory Chromosome. 

Tt has already been mentioned that one chromosome does not diffuse in 
the telophase of the secondary spermatogonia, while the others become almost 
diffused (Ifigs.-21, 22). In the growth period it regains its homogeneous con- 
struction in contradistinction to the others in which the diffusion proceeds 


further, so that it becomes much more conspicuous in this than in preceding 
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stages. This chromosome is the accessory chromosome, or more suitably the 
chromosome-nucleolus of Wi1son. 

At the stage passing from the telophase of the last secondary spermato- 
gonia to the growth period, the accessory chromosome changes its position and 
becomes closely attached to the nuclear membrane. At the same time its shape 
becomes discoidal, the outer or convex surface of the disc facing the nuclear 
membrane (Figs. 26-28). In this condition it remains through the growth 
period and early prophase of the first spermatocytes. With the growth of the 
nucleus, its size also increases until it becomes as large as that seen in the 
metaphase. On careful observation, the longitudinal split of the accessory 
chromosome is visible already in the secondary spermatogonia when it can he 
recognized as a chromosome-nucleolus. 

As the spiremes regain the staining capacity the chromosome-nucleolus 
shows a tendency to assume the characteristic form of a chromosome (Figs. 29, 
30). It becomes rod shape and detaches from the nuclear membrane. In the 
late prophase when the ordinary chromosomes have assumed smooth contour 
and compact structure, no positively distinguishable difference can be observed 
between the accessory and the ordinary chromosomes (Figs. 31-33). From the 
later behavior, however, it is very probable that the accessory chromosome 
occupies the position at the periphery of the chromosome group. 

In the metaphase, when the ordinary chromosomes assume their final 
condition as already described, the accessory chromosome represents such a 
peculiar condition, especially in staining capacity, that it can be definitely 
recognized as such. Contrary to the ordinary chromosomes whick haye the 
tendency of increasing the staining capacity in these stages, the accessory 
chromosome shows less staining capacity for HerENHALN’s iron-haematoxylin 
than in the prophase, only a small portion at both extremities of the rod, 
especially the end facing the pole of the spindle, being deeply stained (Figs. 
34, 37-41). With other staining methods the differentiation is not so clear as 
with iron-haematoxylin (Figs. 35, 36). During this stage it is always rod-shape, 
no other shapes being seen. The longitudinal split seen in earlicr’stages is also 
clearly recognizable, but no trace of a transverse cleft or constriction is seen as 
in the ordinary chromosomes. Such a peculiar staining capacity of the accessory 


chromosome as seen in Atractomorpha is, as far as the author knows, very 
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rare. Gross (’06) found that in the tetrad formation stage or in an earlier 
stage of the first spermatocytes of Pyrrhocoris apterus, the accessory chromosome 
represents a more faintly stained appearance than the other chromosomes with 
iron-haematoxylin, but this differentiation becomes mostly lost when the spindle 
is formed. In the second spermatocytes it was als) sometimes stained lighter 
with iron-haematoxylin. Of the second spermatocytes of Oedipoda BucHNEer 
(09) also’ gave a short description as follows : “ Bei einer DELAFTELD-Hiimatoxy- 
linfirbung ist das accessorische Chromosom meist etwas blasser gefiirbt als 
die wbrigen Chromosomen.” Besides, according to the observation of STEVENS 
(10), the smaller heterochromosomes in the second spermatocytes of Forficula 
auricularia, which had been divided precociously “were paler blue than the 
other chromosomes, a difference which is often noticeable between the larger (2) 
and smaller (a,) heterochromosomes in the metaphase of the first maturation 


b) 


mitosis in preparations stained with thionin,” the same being noticed for the 


lagging chromosome of the mitosis of the same stage. 

The accessory chromosome is generally found near one pole of the spindle, 
while the other chromosomes are still in the equatorial plate. It is evident 
from the observation of the metaphase and from that of the ensuing anaphase, 
that the accessory chromosome does not divide but travels bodily to one pole 
of the spindle, producing two series of the second spermatocytes, one of which 
possess the accessory chromosome and the others not. In the anaphase the 
longitudinal split which was previously visible as a faint line, becomes con- 
spicuous, owing to the separation of the chromatids. The separation of the 
chromatids sometimes occurs only along the median portion, both ends remain- 
ing in contact, and thus an elongated ring-like figure is produced but some 
times the posterior end of it springs apart in V-shape as in the case of the 
ordinary chromosomes (Figs. 41, 42). In the advanced stage of the anaphase, 
the accessory chromosome is caught up by the ordinary chromosomes in spite 
of starting ahead of the latter (Fig. 42). 

At the late anaphase or the commencement of the telophase when the 
ordinary chromosomes are so aggregated that the individual chromosomes become 
indistinguishable, the accessory chromosome is also concealed among them (Figs. 
43, 44). But soon after, when the ordinary chromosomes represent granular 


condition, the accessory chromosome becomes gradually distinguishable on account 
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of its peculier behavior. Like in the telophase of the secondary spermato- 
gonia it regains the staining capacity and remains in homogeneous condition, 
and assumes no granular condition all through this phase contrary to the 
ordinary chromosomes (Figs. 45, 46). 

Its form is that of a bent rod with a faint longitudinal split which 
corresponds to that in the prophase or the metaphase of the first spermatocytes 
(Figs. 46, 47). It is, however, found not to lie so closely attached to the 
nuclear membrane as in the case of the first spermatocytes. 

At about the time when it enters the metaphase of the second spermatocytes 
the accessory chromosome loses some staining capacity except at both ends, and 
resumes a similar condition, but not so clearly differentiated as in the first sper- 
matceytes. The longitudinal split which was very faintly visible in the preceding 
stage widens a little and a very narrow V-shaped chromosome or a two-parallel 
rod-figure is produced (Fig. 50). In the equatorial plate, it assumes a similar 
position to the others with its longitudinal axis parallel to that plane. In the 
lateral view of the spindle the component chromatids appear to lie immediately 
one above the other, as the ordinary chromosomes (Fig. 51). 

The accessory chromosome divides along the split and its components 
travel toward the respective pole as a simple rod, in company with the ordinary 
chromosomes (Fig. 53). Two series of spermatids are thus produced, the one 
from the second spermatocytes in which the accessory chromosome is present, 
and the others from those in which it is absent. When all the chromosomes 
have arrived at the pole, the accessory chromosome bezomes indistinguishable 
from the others, owing to their massed condition, so that, two series of the 
spermatids are, at this stage, not distinguishable from each other (Fig. 54). 
But,' later on, as the chromosomes lose the staining capacity, the accessory 
chromosome becomes visible as a deeply stained rod-like body (Figs. 55, 56). 

e. The Idiozome and the Mitochondria. 

At the commencement of the growth period when the chromosomes of the 
secondary spermatogonia are diffused or are diffusing, an irregular, faintly 
stained cytoplasmic body can be seen by careful observation. It always lies 
close to the nuclear membrane but it seems to have no relation to the spiremes 
as in that of Euschistus described by MonrGomeEry (711). Its outline can not 


be distinctly made out (Figs. 22, 23). As the stage advances this body becomes 


ey 
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clearer and maintains a position where a great amount of cytoplasm is 
found, and thus the polarity of the cell body results. (Figs. 25, 26) In the 
smeared preparations it stains more deeply than in sections and appears granular 
(Fig. 24). This body may be the idiozome,* but no centrosome can be found 
within it; and therefore it is to be recognized that, in this case, the idiozome 
has no connection with the centrosome. 

Besides! the body described as the idiozome, there appear one or more 
smaller bodies which lie either close to or separated from the nuclear membrane 
(Figs. 27, 29, 30). These bodies are sometimes strained a little more deeply 
than the idiozome. They may correspond to the mitochondriat. 

The mitochondria become gradually indistinct as they increase in size, 
owing to the loss of the staining capacity. At the advanced stages when 


the chromosomes assume homogeneous condition, the idiozome and the mito- 


chondria beesme indistinguishable from one another (Fig. 31-33). More- 


over, at the commencement of the metaphase only one such structure is 


visible at one side of the cell. But it is impossible to say whether the mito- 


* Montcomery (’11) proposed the term “sphere” for the cytoplasmic body which has no 
special relation with the centrosome. ‘This term cannot be applied, however, to this boly on 
account of its behavior which will be described later on. It is also not an “ archoplasm” or a 
“‘mitosome,” since no relation is to be observed between this body and the spindle fibers either 
in the prophase or in the telophase. 

+ The bodies described by different authors under the term “mitochondria” are, at the 
beginning of their appearance, quite variable, but in the end these give rise or contribute to the 
formation of the “ Nebenkern.” Thus in Euschistus (Monrcomery, 11) the mitochondria repre- 
sent the thread-like structures scattered throughout the cell body. In Locusta viridissina (OrrE, 
07) the mitochondria which lie around the nucleus as fine granules in the spermatogonia, condense 
to form a compact “ Mitochondrienkérper,” within which rings composed of granules appear, and 
which soon break down into the rings and are distributed into daughter cells. The mitochondria 
of Hpdronetra lacustria (Wimxx, ’07) are small sticks with thick ends, which surround the nucleus 
and form a conspicuous broad band, the “ Mitochondrienkirper.’”’ In the spermatocytes of 
Forficula auricularia (Zwetcsr, ’06) the crescent-like “ Mitochondrienkérper’’ is composed of 
threads which have bead-like structures. The mitochondria of the Oedipoda (BucHNer, '09), which 
lie in the cell as irregular lumps with fine granules, become Jodg2d, especially, on the peripheral 
layer of the spindle fibers in the mitosis of the first spermatocytes. The bodies described as 
“yolk granules” by Pauraier ('99) for Anasa tristis, and * Dotterkiigelchen”’ or ** Dotterkugeln "’ 
by Henxine (91) and Gross (06) for Pyrrhocoris apterus, may correspond to the mitochondria, 
Beside these bodies, Gross observed in two individuals the bodies which he termed * Pseudo- 
chromosomes,” which may be more identical with the mitochondria. It is probable that the 
structure described by Wiicox ('96) for Caloptenus femur-rubrum, where he says: “there are 
stainable particles on the fibers, and some of the fibers are thickened for a part of their length,” 
though it was found in only one individual, is caused by mitochondria which look very like 
those of Atractomorpha. 
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chondria persist and the idiozome disappears as in Muschistus (Mon?rGoMERy 
711). From the fact, however, that the idiozome is observed at a little earlier 
stage, and is distinguished from the mitochondria, it may be recognized that 
the idiozome persists through all the stages and lies in company with the 
mitochondria. The peculier crescent shaped structure which lies along the side 
of the spindle in the metaphase and also along the side of the connecting 
fibers in the anaphase and the telophase, seems to be composed of the idiozome 
and the mitochondria (Figs. 40-42). When the cell becomes constricted and 
the cell plate appears this structure is also crossed by the cell plate in the 
middle portion (Fig. 43); and becomes divided into two portions to be carried 
on into the respective cells. Thus by the time the nuclear membrane appears 
this structure gives rise to a Nebenkern (Figs. 45-47). It is impossible to 
state by mere observation whether the connecting fibers take part in the com- 
position of the Nebenkern or not. 

The formation of the Nebenkern of the spermatids takes place almost 
similarly to that of the second spermatocytes. It is more distinctly visible than 
that of the second spermatocyte on account of being more deeply stained 
(Figs. 48, 49, 51-57). 

f. The Centrosomes. 

In the metaphase and anaphase of the spermatogonial and the spermatocyte 
mitosis, the centrosomes are observed as exceedingly minute bodies at the poles 
of the spindle (Figs. 10, 40, 41, 51, 52). They are too minute to be re- 
cognized in the cells of other stages even though they may be present. It 
can, however, be positively stated that they are never found within the idiozome. 
Atractomorpha, at any rate, is not a favorable material for the study of the 


behavior of the centrosomes. 


C. Tur SPERMATIDS UP TO THE FORMATION OF THE SPERMATOZOA. 


In the spermatids above described, the ordinary chromosomes disintegrate 
into minute granules and are scattered throughout the nucleus. Some chromatin 
masses, however, remain undiffused, and so does the accessory chromosome, if 
present (Figs. 57, 58). These chromatin masses undoubtedly correspond to those in 
the growth period and are, therefore, the chromatin-nucleoli of Witson. They 


are recognized during the transformation of the spermatids into the spermato- 
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zoa where they become concealed within the heads which assume a homo- 
geneous condition. 

The accessory chromosome or chromosome-nucleolus retains its original 
rod-form for some time, occupying any position in the nucleus. After a little 
while it changes into an irregular mass, and finally assumes a somewhat round 
form in which it remains. The result of the division of the first spermatocytes 
should produce an equal number of spermatids with both the chromosome- 
nucleolus and some chromatin-nucleoli and those without the former but the 
latter only. This seems really the case from actual observation, though the 
accurate counting of the cell is not always possible. In the stage in which the 
chromosomes are almost entirely diffused, the centrosome is not recognizable (Fig. 
58). This becomes, however, in a short time observable as a minute particle 
which lies closely attached to the nuclear membrane near the Nebenkern, at the 
insertion of the axial filament to the head (Migs. 59, 60). Afterwards two 
slightly larger centrosomes are clearly seen which lie side by side (Fig. 61). 
It is impossible to say with certainty whether they haye been divided into two 
at this position or were already divided. But the observation of the section 
as shown in Figs. 59, 60 shows the latter to be most probable, because 
a minute particle, which is united by the fine filament with the centrosome, 
is seen to be also a centrosome. 

During these changes, the cell-membrane eradually loses its distinctness 
and the outline of the individual cell becomes indistinguishable (Figs. 61, 
62). Accordingly the changes occuring in the cytoplasm during the develop- 
ment of the spermatozoon and the final position of the cytoplasm in the ripe 
spermatozoon can not be stated. 

At first, the axial filament runs alongside the Nebenkern but does not 
pass through the latter. Later on, however, the Nebenkern surrounds the 
axial filament and commence: to elongate to form the sheath of the tail and 
assumes a spindle shape (Fig. 61). Owing to the great length of the tail it 
is very difficult to trace it to the distal portion of one and the same spermato- 
zoon. 

When the development of the tail is completed, the anterior portion of 
the nucleus elongates and forms a pointed apex, while the posterior portion 


remains still roundish (Figs. 63, 64). 
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In the mean time, the chromatin-nucleoli and the chromosome-nucleolus, 
if present, lose their staining capacity and the head assumes homogeneous 
structure with the deeply stained centrosomes at the insertion of the tail. But 
there are some heads which are stained uniformly and deeply, contrary to 
most found in the same cyst, a fact which seems to be ascribable to the action 
of the reagent. The head gradually elongates and when it reaches the final 
elongation, it becomes very long like a thread, (Figs. 65-69). At last all the 
heads become stained deeply and homogeneously, and the centrosomes are there- 
fore concealed from view. 

During these stages, the body called “ mitosome” or “acrosome” which 
finally forms the “lance” or “ Spitzensttick” of the mature spermatozoon is 
not visible. The sharp point at the anterior end of the spermatozoon seems 
to be formed by the elongation of the nucleus itself as above described. 

At the time when the tails are formed, the position of the spermatids 
within a eyst is changed gradually in such a manner that their anterior ends 
are turned toward the blind end of the follicle, and the tails lie parallel with 


their free ends projecting toward the lumen of the cyst. 


III. General Considerations, 


A. Own THE LONGITUDINAL SPLIT. 


Gross (’04, 706) and Ropertson (’08) have described the first spermatocyte 
mitosis as equation, though the chromosomes apparently enter the spindle with 
the longitudinal split perpendicular to the equatorial plate of the spindle, the 
tetrad having the ability to change its axis from a longitudinal to a trans- 
verse direction. Now1tn (’08) has also come to the same conclusion and stated 
that “the chromosome during the prophase begins to separate into identical 
halves along the longitudinal split and practically completes the moyement by 
the time it enters the spindle.” The description of the process given by GROss 
(06) is as follows: “Ich nehme an, dass auch bei Pyrrhocoris die Ausbiegung 
der Beriihrungsenden zweier conjugierter und langsgespaltener Chromosomen nicht 
wieder riickgebildet wird, sondern fortschreitet bis zum Austausch der Spalt- 
hilften, so dass jede Dyade am Schluss des Vorgangs aus 2 ungleichnamigen 


Ss Fs an al 
Lingshiilften besteht und die Tetrade den Bau = hat.” In Atractomorpha, 
ab 
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however, the cross ‘which is formed of original rod never shows a moving 
out of the longitudinal axis in tranyerse direction but remains in the same 
direction. The chromosomes which always remain in dumb-bell or rod shape 
haye no way of changing the direction of the axes. When such chromosomes 
which haye no ability to change the direction of the axes, are placed with their 
longitudinal axes parallel to that of the spindle and are divided transyersely, 
this mitosis should be reduction. This is also the case with the ring which, 
as before stated, is produced by the union of the free ends of the rod. 

It is now necessary to discuss whether the chromosomes which appear in 
the first spermatocytes are those produced originally by the parallel conjugation, 
known as parasyndesis, and the longitudinal split appearing along the individual 
spireme is the sign of the separation of the two original chromosomes thus 
united, or the chromosomes conjugate end to end from the first, and the longi- 
tudinal cleft is the true longitudinal split. Both Orre (’07) and Morse (709) 
have described the bivalent chromosomes as formed by the parallel conjugation, 
but while the former author considered the ensuing two spermatocyte mitoses as 
transverse but not longitudinal division, the latter said that “each of the 
spermatocyte mitoses involves a longitudinal division of the chromosomes, etc.” 

In Atractomorpha, as already described, the chromatin granules in the 
spiremes seem to be arranged in two rows eyen in the final diffusion stage, 
that is, early growth period, and as the development advances, this double 
character becomes more clear, but no behavior of the parallel conjugation can be 
recognized. On the other hand, it is more reasonable to consider the longitudinal 
cleft as a true longitudinal split when it is traced to the spermatogonia, where 
it can no longer be doubted that it is not on account of the parallel 
conjugation of the two chromosomes, because the number of the chromosomes 
would be otherwise too many as compared with that in the spermatocytes, 
being as many as four times to the latter. If the chromosomes retain their 
individuality, as many investigators believe, the splits which appear in the 
prophase of the spermatogonia are to be considered as the reappearance of the 
same which are produced in the telophase of the preceding mitotic cycle. It may 
be apprehensible that in the same way the longitudinal split which appears 
after the last spermatogonial division may persist through the growth period 


D> 


and reappear in the prophase of the next mitotic cycle, that is, in the prophase 
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of the first spermatocytes, even if it were concealed entirely from view during 
the diffused condition; the more so, as the arrangement in two rows of the 


chromatin granules can be traced, though not very clearly. 


B. Own rue Accessory CHROMOSOME. 


In Atractomorpha, as already described, some deeply stained bodies always 
appear in the resting stage of the spermatogonia, while most of the chromatin 
granules almost lose the staining capacity. These bodies may not, however, 
correspond to Witson’s chromosome-nucleolus which gives rise to the acces- 
sory chromosome, but to his chromatin-nucleoli which “designate any com- 
pact deeply staining chromatin-mass, present in the resting nucleus, which 
afterward contributes to the formation of the chromosomes.” It is certain 
that they neither giye rise to such small chromosomes as the “ microchromo- 
some” of Witson in such form as Alydus or Anasa etc., nor to the “ minute 
chromosomes”? of MonrcomMERY in uschistus, since such minute bodies 
corresponding to these are never found in the metaphase of Atractomorpha. 
Neither do they appear to be allied to the “supernumerary chromosomes ” 
described by SreveN (08) for some species of Diabrotiea, which behave as 
heterochromosomes, though in the spermatogenesis of Atractomorpha some 
variations in the number of the chromosomes are obeserved. 

It is very difficult to prove the presence of the accessory chromosomes by 
counting the number of the chromosomes not only on account of the difficulty 
in getting a correct count but the variations as to the number of the chromo- 
somes. The difficulty of exactly counting the chromosomes has been pertinently 
expressed by Foor and SrroBett (’07) in the following words: “ we realize 
in common with all eytologists the difficulty of getting a correct count of so 
large a number of small bodies crowded into a contracted space. If two or 
more chromosomes are in such close contact that their line of separation is 
obscured a correct count is impossible.” Moreover, in the spermatogonia of 
Alractomorpha, more or less than nineteen chromosomes would often be counted 
which makes it difficult to determine whether these are in eyen or odd num- 
bers, and consequently to recognize the presence of the accessory chromosome 
by the count only. It is, therefore, necessary to recognize it by the observa- 


tion of its behavior. 
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The study of the spermatogenesis of insects reveals the presence of equally 
or unequally paired heterochromosomes as well as an unpaired one in Hemiptera, 
Coleoptera, Diptera and Euplexoptera, though there are some controyersies 
between the investigators on some species. In Orthoptera the heterochromo- 
some, on the contrary, appears generally as unpaired, that is, univalent in the 
spermatocytes, with a few exceptions. MonrGcomEry (05) described the paired 
heterochromosomes in Syrbula acuticornis which Roperrson (’08) in his study 
on Syrbula admirabilis maintained to be a mistake, and said that “his (Monrt- 
GOMERY’S) mistake is due, in part at least, to some large chromatin-like nucleolar 
structures that are present, at first as two bodies and later as one, in the 
resting period between the last spermatogonial and the first spermatocyte 
division.” ScHELLENBERG (713) observed, in Diestrammena marmorata, a biva- 
lent heterochromosome, the components of which are separate in the young 
spermatogonia, while later on they conjugate into V- or U-shape in which it 
persists throughout the ensuing stages, and the following explanation was given: 
“Was nun bei Diestrammena vor allem fur die Ableitung des accessorischen 
Chromosoms von einem urspriinglich paarigen, bzw. von zwei Chromosomen 
spricht, ist nicht sein Verhalten in der Spermatocyte, sondern das_hiiufige 
Vorhandensein der zwei stabformigen Teilstucke in den jungen Spermatogonien 
mit allen Ubergiingen zur einheitlichen Chromatinschleife, die sich in den 
letzten Spermatogoniengenerationen schliesslich allein yorfindet, eine Erscheinung, 
die mit der These, dass das Heterochromosom mit der Generationshohe der 
miinnlichen Keimzelle immer stiirker zutage tritt, sehr gut ubereinstimmt.” 

In Atractomorpha, the nucleolas-like bodies which appear in the resting 
stages, as above described, are quite different from the accessory chromosome or 
partner of the paired heterochromosomes but’ correspond to WuILson’s chroma- 
tin-nucleoli. The accessory chromosome shows no eyidence of its bivalent 
nature throughout all the stages. In later spermatogonial generations when it 
first comes into recognition, it appears as a large chromosome but not the 
largest of all. A longitudinal cleft seen in the accessory chromosome of this 
stage might be looked upon as a parallel conjugation of two univalent com- 
ponents, but it is to be considered that this is not the case from the observa- 
tion of the ordinary chromosomes, each of which also shows the similar 


longitudinal cleft, which, as stated above, is no doubt due to the longitudinal 
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split. In the spermatocytes, it shows also no aspect of its being bivalent, 
excepting the longitudinal cleft which is the continuation of the same split 
observed in the spermatogonia. Moreover, it is not proper to think that the 
heterochromesomes alone conjugate parasyndetically while the ordinary chromo- 


somes do so metasyndetically. 


IV. Summary. 


1. At the spermatogonial prophase the spiremes look like contorted elastic 
threads which seem not to be continuous. Soon afterwards, these are arranged 
in radial rosettes and become shorter and thicker to construct the rod-shaped 
chromosomes of yarious sizes, probably in pairs. The longitudinal split in 
each spireme is visible from the first. 

2. In the telophase, the chromosomes do not diffuse immediately, but 
become granular in structure and represent longitudinal clefts. 

3. Complete diffusion of the chromosomes may be restricted in the young 
spermatogonia and as the spermatogonic generations advance they pass over 
quickly to the prophase of the next mitotie cycle. In the last spermatogonia 
the cells become more or less separated from each other. 

4. In the resting stages the chromatin granules neyer seem to be 
irregularly distributed through the nucleus but arranged along the linin fibers. 
In the first spermatocytes, they are observed as doubled, which is the continua- 
tion of the last spermatogonial mitosis. 

5. There is no synizesis stage, but in the late prophase the chromosomes 
represent the tendency to aggregate at the central portion of the nucleus in 
some cells, but not in all. The spiremes seem not to be continuous. 

6. In the metaphase of the first spermatocytes the chromosomes represent 
various forms, such as, rod, dumb-bell, cross, ring, ete. and different. sizes. 
The number of the chromosomes is generally counted as 19 in spermatogonia 
and 10 in the first spermatocytes including the accessory chromosome which 
has no mate to conjugate. But departures from these numbers can be 
observed. 

7. In the metaphase of the first spermatocytes, the chromosomes are 
arranged in the equatorial plate with their longitudinal axes, parallel with the 


axis of the spindle, except the rings, which lie with their diameters coinciding 


we 
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with the equatorial plate. The first spermatocyte mitosis is transverse or 
reduction. 

8. During the migration of the chromosomes toward the respective pole, 
the chromosomes open the proximal ends and assume the V- or U-shape. 

9. The prophase of the second spermatocytes is brief, and the chromo- 
somes appear as short and thick spiremes, which are at first granular but soon 
become homogeneous. In the metaphase the chromosomes are arranged with 
their longitudinal axes coinciding with the equatorial plate of the spindle. 
Most of the chromosomes assume narrowly opened V’s. The second spermato- 
cyte mitosis is longitudinal or equation. 

10. Some deeply stained nucleoli always appear in every resting stage of 
the spermatogenesis after the chromosomes haye diffused. These bodies seem 
not to give rise independently to the accessory chromosome or any other 
chromosome. Female cells also contain these bodies. 

11. Presence of the accessory chromosome can be distinctly recognized in 
the telophase of the secondary spermatogonia. The accessory chromosome does 
not diffuse hereafter until it is concealed in the head of the mature spermato- 
zoon which shows homogeneous structure. 

12. Throughout the growth period and the prophase of the first spermato- 
cytes, the accessory chromosome occupies its position attached closely to the 
nuclear membrane. When the ordinary chromosomes assume homogeneous 
condition the accessory chromosome represents no distinguishable difference. In 
the metaphase, however, it becomes less stained and always assumes rod-shape 
with longitudinal split but never shows transverse cleft or tetrad-form. It 
does not divide in the first spermatocyte mitosis but passes over to one of the 
daughter cells and consequently it is not contained in one half of the series of 
the second spermatocytes. 

14. In the metaphase of the second spermatocytes, the accessory chromo- 
some again loses its staining capacity, and divides longitudinally along the 
split. It beomes concealed for a time among the mass of the chromosomes, 
appearing again after the ordinary chromosomes are diffused. 

15. The idiozome appears as a cytoplasmic body in the growth period. 
It seems to haye no connection with the centrosome. Mitochondria appear as 


one or more small bodies in the early prophase of the first spermatocytes. 
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They increase in size and become indistinguishable from the idiozome. <A 
crescent-shaped structure which lies along the spindle in both the first and 
second spermatocytes seems to be composed of the idiozome and the mitochondria. 
This structure gives rise to a Nebenkern. 

16. In spermatogonia and in spermatocytes the centrosomes are so minute 
that they can not be distinguished from other particles except when they are 
found at the poles of the spindle. In the immature spermatozoon, two centro- 
somes can be observed which are placed side by side on the nuclear membrane 
at the insertion of the axial filament. 

17. The Nebenkern which surrounds the axial filament elongates to form 
the sheath of the tail. After the tail has developed completely, the nucleus 
elongates so slenderly that it is almost indistinguishable from the tail. A sharp 
anterior point of the spermatozoon seems to be formed by the elongation of the 


nucleus itself and not by other particular structures. 
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EXPLANATION OF FIGURES, 


All the figures were drawn by the author with the aid of Abbe’s Zeichenapparat at the level 


of the microscope stage, with the magnification afforded by a Zeiss apochromatic immersion 
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objective, 2mm, and a compensating ocular 6 (tube length 175 mm.), except Figs. 12-14 which 
were drawn with a compensating ocular 8 and Figs. 35-39 wih a compensating ocular 6, (tube 


length 145mm.), and Fig 1 which was drawn from a far smaller magnification. 


PLATE XVI. 


Fig. 1. Entire view of a longitudinal section of a testicular follicle showing the position of 
spermatogenetic stages. a, resting stage of the primary spermatogonia; 6, prophase of the pri- 
mary spermatogonia in which spiremes begin to appear; c, telophase of the primary spermato- 
gonia; d, metaphase and anaphase of the last secondary spermatogonia; e, beginning of the 
growth period; f, growth period; g, first spermatocyte prophase; h, late first spermatocyte 
prophase; i, second spermatocyte metaphase and anaphase; j, spermatids; /, immature sper- 
matozoa heads which have not yet reached to final elongation ; 7, mature spermatozoa. 

Fig. 2. Primary spermatogonia; resting stage, found at the blind end of a follicle. Four 
nucleoli are to be observed. 

Fig. 3. Beginning of prophase of the primary spermatogonia. Nucleoli are still recogniz- 
able. 

Fig. 4. Stage following Fig. 3, nucleoli very difficult to be seen. 

Fig. 5. Prophase of the primary spermatogonia. The spiremes present a contorted thread- 
like appearance. 

Figs. 6, 7. Later stage than the above. The spiremes lose their contorted character and 
present the longitudinal split. 

Figs. 8, 9. Late prophase of the primary spermatogonia. Spiremes or chromosomes assume 
their position in radial rosette and are becoming shorter and thicker. The chromosomes of the 
cells are not all represented, some being transferred to the other sections. 

Fig. 10. Polar and Jateral view of metaphase of the primary spermatogonia. Former shows 
nineteen chromosomes. Chromosomes in one of the cells begin to separate. 

Fig. 11. Polar view of the same stage as Fig. 10. The left cell shows more than nineteen 
chromosomes; in the right one, some chromosomes were transferred into another section. 

Fig. 12. Polar view of metaphase of the last secondary spermatogonia. Number of the 
chromosomes are counted to be nineteen. 

Figs. 13, 14. The same. Number of the chromosomes are counted variously as seventeen, 
eighteen or nineteen, some of the chromosomes being in close contact. 

Fig. 15. Anaphase of the primary spermatogonia. 

Fig: 16. The same stage of the last secondary spermatogonia. Some of the chromosomes 
remain with their ends behind the others. 

Fig. 17. Telophase of the primary spermatogonia. Chromosomes are arranged in radial 
rosette and assume granular condition, representing longitudinal split. 

Fig. 18. Stage following Fig. 17. Chromosomes almost diffused, accessory chromosome 
indistinguishable. 


Figs, 19-23. Successive stages of telophase of the last secondary spermatogonia. Chromo- 
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somes after assuming an arrangement of radial rosette diffuse gradually. The accessory chromo- 
some, however, remains undiffused and migrates to attach to the nuclear membrane. In Figs. 
22, 23, idiozome is recognized as a faintly stained cytoplasmic body. 

Fig. 24. The same stage as above, drawn from a smeared preparation, which shows the 
idiozome clearly. 

Fig. 25. Beginning of the growth period. WNucleoli can be recognized. 

Fig. 26. Early prophase of the first spermatocytes. The space between the cells still a 
little to be seen. 

Figs. 27-30. Prophase of the first spermatocytes, showing successive stages in which the 
spiremes become gradually distinct on account of their increasing straining capacity and of 
shortening. Longitudinal split clearly observable in every spireme. In «ddition to the idiozome, 
mitochondria appear as smaller bodies, stained somewhat deeply. 

Fig. 31. Stage in which the chromosomes aggregate at the central portion of the nu- 
cleus, representing tendency to form the various shapes. The accessory chromosome be- 
comes indistinguishable from the others. Mitochondria is scarcely distinguishable from the 
idiozome. 

Figs. 32, 33. Stage following the above. Various shapes of the chromosomes are observable. 

Fig. 34. Metaphase of the first spermatocytes. Ten chromosomes are present in both cells, 
all visible in one section. The accessory chromosome can be recognized as a faintly stained 
body at the periphery of the group. 

Fig. 35. The same stage as Fig. 34, drawn from smeared preparations stained with Drxa- 


FIELD’s haematoxylin. The accessory chromosome cannot be distinguished. 
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Fig. 36. The same as Fig. 35. 

Figs. 37-39. The same as above, drawn from smeared preparations stained with iron- 
haematoxylin. These cells contain, as an exceptional case, only nine chromosomes together with 
an accessory. 

Fig. 40. Lateral view of the metaphase of the first spermatocytes, the middle cell being in 
oblique view. ‘The accessory chromosome lies near one pole. Some ordinary chromosomes are 
restored to the original rod shape. The fact that the rings are arranged coinciding with the 
equatorial plate of the spindle may be recognized by comparison with the oblique view. 
Mitochondria can be seen as a crescent shaped body at one side of the spindle. 

Fig. 41 Beginning of the anaphase of the first spermatocytes, showing various conditions 
of the separation of the chromosomes, Central large chromosomes in the upper cell are going 
to return to the original rod shape from the cross. Ordinary chromosomes just separated in the 
lower cell assume V-shape and the longitudinal split of the accessory chromosome separates at 
the middle portion. 

Fig. 42. Stages following Fig. 41. Mitochondria come to be placed between the daughter 


chromosome groups. 
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Fig 43. Late anaphase of the first spermatocytes. The accessory chromosome may often 
be distinguished on account of its lesser staining capacity. Cell plate appears. 

Fig. 44. Very late anaphase. The accessory chromosome indistinguishable. 

Fig. 45. First spermatceyte telophase. The accessory chromosome again recognizable in 
one daughter cell as deeply stained homogeneous body. Longitudinal splits are visible in all 
chromosomes, 

Fig. 46. Very late telophase. All chromosomes mass together in the nucleus so as not to 
be distinguishable from one another, except the accessory chromosome. 

Fig. 47. Beginning of the second spermatocyte prophase. Chromosome-nucleolus is absent 
in one cell. Nebenkern present. 

Fig. 48. Stage following Fig. 47, showing successive changes in the formation of the 
spiremes. 

Fig. 49. Early prophase and metaphase of the second spermatocytes, lying adjointed in one 
cyst. Latter shows nine ordinary chromosomes but no accessory; former represents chromo- 
some-nucleolus. 

Fig. 50. Polar view of the metaphase of the second spermatocytes, left cell containing nine 
ordinary chromosomes and an accessory, the right one with nine ordinary chromosomes but no 
accessory. 

Fig. 51. Lateral view of the metaphase of the second spermatocytes, both cells containing 
the accessory chromosome. 

Fig. 52. Lateral view of the metaphase and anaphase of the second spermatocytes. No. 
accessory chromosome to be recognized. 

Fig. 53, Stage following Fig. 52. The accessory chromosome separates longitudinally and 
migrates with ordinary chromosomes, 

Fig. 54. Late anaphase of the second spermatocytes. The accessory chromosome becomes 
indistinguishable. Mitochondria lie between two daughter chromosome groups. 


Fig. 55. Telophase of the second spermatocytes. Chromosomes mass together. 
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Fig. 56. A further stage. Ordinary chromosomes lose their staining capacity. The accessory 
chromosome becomes again recognizable, owing to its staining capacity. Mitochondria begin to 
condense to form the Nebenkern. 

Fig. 57. Early spermatids, the chromosome-nucleolus being absent in two of them. Ordinary 
chromosomes disappear, leaving only some nucleoli. 

Figs. 58, 59. Spermatids. The nucleus increases its size a little. Chromatin granules again 
appear. The chromosome-nucleolus begins to change its form. 

Fig. 60. A little later stage than above. Nebenkern of the lower cell surrounds the axial 
filament and elongates more or less. 

Fig, 61. Stage following:above ; two centrosomes increasing in size laid side by side. Cell 


membrane becomes indistinct. Nebenkern elongates to spindle shape. 
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Fig. 62. 
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Stage following Fig. 61. Nebenkern elongates more and more. Chromosome- 


nucleolus assumes round shape. 


Figs. 63, 64. Nucleus begins to elongate at the anterior portion to form a pointed apex, 


Chromosome-nucleolus loses its staining capacity and becomes scarcely visible. 


Figs, 65-68. Successive elongation of the head. 


Eig. 69. 
Fig. 70. 
Fig. 71. 
Fig. 72. 
Fig. 73. 


Head of the mature spermatozoon. 

Terminal chamber of the ovary. 

Beginning of the growth period of the oocytes, nucleoli being visible. 
Nucleus of the growth period following Fig. 71. 


Resting stage and prophase of the ovarian follicle cells which correspond to Fig. 2 


and Fig. 3 respectively. 


Figs. 74, 75. Prophase of the ovarian follicle cells, representing almost a like behavior to 


that of the spermatogonia shown in Fig. 5 and Fig 6. 


Fig. 76. 
Fig. 77. 


Metaphase of the ovarian follicle cell. 


Anaphase of the ovarian follicle cell. 
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Ueber das Teleskopauge des Goldfisches. 
Von 


Ikusaku Amemiya. 


Aus dem Institut fiir marine Zoologie. 
Direktor: Prof. Dr. Cutyomatsu IsHTKawa. 


Mit Tafel XIX und 2 Textfiguren. 


Das Vorhandensein eines fernrohrartig verlaingerten Augenbulbus ist seit 
langem yon vielen Naturforschern bei Wassertieren und Vogeln bestitigt worden, 
Dass soleche Augen biologisch eine besondere Bedeutung haben miussen, kann 
man wohl vermuten, wenn man die Lebensweise ihrer Besitzer in Betracht 
zieht. 

Neuerdings wissen wir aus den Arbeiten yon Coun (1887), Franz (1907) 
und insbesondere Braver (1908), dass die Teleskopaugen yon Vogeln (z. B. 
Eulen), Tiefsee-Cephalopoden und -Fischen stets gleiche Funktionen haben, und 
zwar sehen wir sie nur unter im Dunkeln lebenden Tieren, obwohl nicht an 
den eigentlichen Tiefseeformen. BrAvER (1908) hat angegeben, ,,dass das 
Teleskopauge bei anderen Tieren auch schon unter dem Einfluss des Dém- 
merungslichtes auf dem Lande, im Stsswasser und im Meere sich ausbilden 
kann, aber unzweifelhaft ist es Anpassung an das Leben im Dunkeln.“ (S, 
255.) 

Das Teleskopauge ist also im allgemeinen eine Folge der Anpassung an 
dussere Bedingungen. Bei dem Goldfische ist das aber nicht der Fall. Man 
weiss recht gut, dass die Goldfische mit ihren so unendlich verschiedenen 
Formen und Merkmalen durch kiinstliche Zuchtwahl aus einer Urform entstan- 
den sind, als die wir vermutlich Carassius auratus, L. ansehen miussen. 
Obwohl die Entstehung der fernrohrartig yvoraustragenden Augen von Gold- 


fischen noch nicht aufgeklirt ist, kénnen wir doch so viel sagen, dass ein 


(Jour. Coll, Agric., Vol. VI, No. 3, 1917.] 
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grosser Unterschied zwischen diesen und den Teleskopaugen anderer Tiere 
vorhanden ist. 

Tornier (1911) hat in seiner physiologisch-pathologischen Untersuchung 
einen sehr lehrreichen Zufall yon dem Entstehungsverlaufe der abnormal 
vergrosserten Augen berichtet, aber er machte keinen ausftihrlichen Versuch 
hinsichtlich der Entstehung der Teleskopaugen der Goldfische. Hrrscn (1913) 
gibt eine kurze Beschreibung tber den Bau des Teleskopauges und berichtet 
einige neue Befunde, die aber keine zwingenden Schliisse zulassen. 

Uber die verschiedenen Abarten der Goldfische mit ihren mannigfaltigen 
Flossenformen, Farbent6nen und bizarren Gestalten werde ich keine Beschreib- 
ung geben, da dies meiner eigentlichen Untersuchung fern steht. Ich will 
mich darauf beseariinken, die vielen morphologischen und histologischen A bweich- 
ungen und auch die verschiedenen Merkmale zwischen diesen und den all- 
gemeinen Teleskopaugen aufzuzeigen. In Japan, wo die Goldfischzucht von 
vielen Leuten als Gewerbe betrieben wird, haben wir alle Gelegenheit, ansehn- 
liche und merkwurdige Exemplare zu erhalten, und so ist ihre Untersuchung 


sehr erleichtert. 


Aeussere Gestalt. 


Wir haben zwei Hauptformen von Teleskopaugen unter den Goldfischen, 
eine mit seitwiirts gerichteten (Textfig. 1), und eine andere mit nach oben 
oder zum Himmel gerichteten, sogenannten Himmelsaugen (Textfig. 2). Die 
seitwarts gerichteten Augen verdienen, wenn wir ihre Lage in Betracht ziehen, 
nicht die Bezeichnung Teleskopaugen im eigentlichen Sinne, weil beide Augen 
nicht parallel sind, d. h. die Hauptachsen (Achse der Hornhaut zum Augen- 
grunde) beider Augen machen irgend einen Winkel. Dagegen sind die 
sogenannten Himmelsaugen wahre Teleskopaugen, da ihre Hauptachsen ganz: 
parallel nach oben gerichtet sind. 

Die Form des Augenbulbus bei beiden Formen ist ebenfalls sehr man- 
nigfaltig. Die typische Form, wenn sie auch durch die Gestalt der Cornea, 
wie im folgenden erwihnt, stark beeinflusst wird, ist ellipsoidisch lang, aber 
wir begegnen auch oft bald birnenfirmigen (Textfig. 1. c, d.; Taf. XIX 
‘ig. 2), bald cylinderfémigen (Textfig. 1. a. 6.; Taf. XIX, Fig. 1). 
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Die Grosse, welche ausser der Gestalt und Lage dusserlich am meisten 
auffallt, wechselt auch sehr und zeigt grosse Schwankungen bei den Individuen 
im Verhiiltnis zar Korperliinge ; daher k6nnen wir das Verhiltnis des Bulbus- 
durchmessers zur Kopflinge u.s.w. nicht mit bestimmten Werten wie bei 
anderen Fischen darstellen, Aber wir kiénnen in Tabelle II. gut erkennen, 


dass der Bulbus im allgemeinen sehr gross ist. 


Textfig. 1. Teleskopgoldfisch. x 2/3. 


Die Augenhohlen sind sehr breit und seicht, weil der kleine Schadel die 
grossen Augen tragen muss. Sie sind der Form des Augengrundes gemiiss 
bei der ersten Form rund, aber beim Himmelsauge, weil die Bulbushauptachse 
vertikal und die Seitenwiinde der Bulbi (nicht die Augengriinde) an dem 
Schiidel haften, bilden sie Nischen auf beiden Seiten des Schiidels, und der 
Bulbus ragt lateral bis zur Hiilfte (oder mehr) ausserhalb der Augenhohle 
hervor. 

Die Fischaugen liegen auf beider Seiten des Kopfes und ihre Hauptachsen 
machen einen so grossen Winkel, dass den Augen das binokulare Sehen nur 
in geringem Grade méglich ist. (Je kleiner der Winkel ist, desto grésser ist 


der Grad des binokularen Sehens, und am gréssten, wenn der Winkel null ist ; 
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d. h. die Hauptachsen parallel). Bei der vermutlichen Urform der Goldfische, 
Carassius auratus L., ist der Winkel zwischen den Hauptachsen etwa 140°— 
150°, und deshalb der Grad des binokularen Sehens sehr gering ; dieser Winkel 
ist bei den seitwirts gerichteten Teleskopaugen etwas kleiner und schwankt 
zwischen 110°—130° bei den in meine Hiinde gekommenen Exemplaren ; das 


binokulare Sehen wird also sehr erhoht. Die Himme!saugen haben, wie oben 
oS d 


Textfig. 2. Himmelsauge. a, Dorsalansicht ; b, Vorderansicht; c, Seitenansicht. x 2/3. 


erwihnt, die Hauptachsen parallel und der Grad des binokularen Sehens ist 
vollkommen. 

Sowohl die Fische mit seitwiirts gerichteten Teleskopaugen als auch die 
mit Himmelsaugen haben gleichmiissig grosse Interorbitalriume, und die grossen 
Augenbulbus ragen halb oder mehr aus den Orbitalriiumen heraus. _ Dieses 
Herausragen mag auch zu der Erweiterung des binokularen Sehfeldes vorteil- 
haft sein; ob es irgend eine Bedeutung fiir das Leben der Goldfische hat oder 
nicht, wissen wir nicht, aber ein soleches Herausragen des Bulbus aus dem Kopfe 


muss zweifellos ein Hindernis fur die Bewegungen des Besitzers sein. 
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Die Gestalt der Cornea ist sehr mannigfaltig, bald flach, bald halbkugelic, 
und in ausserordentlichen Fallen erhoht sich ihre Vorwolbung ungefiihr kegel- 
formig (Taf. XIX, Fig. 1). Die Hoihe der Cornea misst bisweilen 1/3 der 
Hauptachse des Bulbus, also ist diese Vorwolbung an dem _ teleskopartigen 
Aussehen der Augen sehr beteiligt. 

Die Ivis bildet eine fast vertikale Wand bei dem seitwiirts- gerichteten 
Teleskopauge, und ist fast horizontal bei dem Himmelsauge zwischen der 
vorderen und hinteren Augenkammer. Sie ist sehr gut entwickelt, obwohl 
sie, wie allgemein bei den Knochenfischen, kein Vermédgen der Erweiterung 
und Verengerung der Pupille hat. Die Ivis ist im jungeren Stadium schlecht 
entwickelt und die Pupille ist bei ihm verhiiltnismiissig gross, aber mit dem 
Alter entwickelt sich die Tris so tbermiissig, dass die Pupille nicht in gleichem 
Grade grésser werden kann, ja wohl kleiner wird; darum ist bei volljahrigen 
Exemplaren die Pupille sehr klein und die Linse hinten nach dem Augen- 
grunde zu sehr gedriickt; selbstverstiindlich ist kein aphakischer Raum 
vorhanden. 

Die Form der Pupille ist rund. Sie ist etwas excentrisch; bei dem 
seitwiirts gerichteten Teleskopauge liegt sie etwas proximalwiirts verschoben, 
bei dem Himmelsauge etwas medial. Wie es uns BrAver’s Figur veranschau- 
licht, liegt die Linse der Teleskopaugen bei den Tiefseefischen im allgemeinen 
dicht hinter der Cornea, und zwar tritt dieselbe halb oder mehr von der Ebene 
der Iris heraus; und weil sie sehr gross ist, nimmt sie beinahe die ganze 
vordere Augenkammer ein. Bei dem Teleskopauge der Goldfische ist dagegen 
die vordere Augenkammer sehr geriiumig, teils wegen der starken Vorwolbung 
der Cornea, teils wegen der zuriickgezogenen Lage der Linse. 

Der Opticus tritt fast an derselben Stelle des Augengrundes ein wie bei 
Carassius auratus, das heisst, er verschiebt sich ein wenig caudal yon dem 
Mittelpunkte des Augengrundes. Wiihrend bei dem  seitwarts gerichteten 
Teleskopauge der Opticusnery gerade yom Gehirn zum Bulbus liuft, kann er 
beim Himmelsauge nicht gerade zum Augengrunde gehen, weil die proximale 
Augenbulbuswand eine so starke Ausdehnung erlitten hat, dass es scheint, als 
ob der Bulbus um 90° sich vertikal nach oben gedreht habe, und sich noch 
dazu nach unten weiter als das Niveau der Ursprungsstelle des Opticus 


erstreckt. Er liéuft also um eine betriichtliche Strecke der Bulbuswand 


250 I. AMEMIYA : 


entlang und tritt in den Bulbus an einem etwas lateralwiirts verschobenen 


Punkte ein (Taf. XIX, Fig. 3—5). 


Augenmuskeln. 


Die Augenmuskeln zeigen beim seitwiirts gerichteten Teleskopauge die fur 
ein typisches Wirbelticrauge charakteristische Anordnung, indem die zwei M. 
obliqui etwas besser entwickelt sind als die vier M. recti. 

Beim Himmelsauge, wo der Augenbulbus eine Verlagerung erlitten hat, 
haben die Augenmuskeln eine Lageveranderung erfahren. Trotzdem sind sechs 
Muskeln vorhanden wie bei dem normalen; sie verhalten sich aber ganz anders. 
Keiner von den sechs Augenmuskeln kann das Auge seitwirts richten, weil 
keiner an der lateralen Wand des Bulbus sitat. 

Wie die Abbildungen (Taf. XIX, Fig. 3—5) uns erkennen lassen, sitzen 
alle Muskeln an der proximalen Bulbuswand, welche eigentlich die dorsale 
Wand wiire und durch die ungleichmiissige Ausdehnung der Bulbuswand zur 
proximalen geworden ist. Nur zwei Muskeln, M. rectus superior, M. obliquus 
superior haben ihre eigentliche Lage behalten ; die anderen vier schieben sich 
nach der proximalen Wand zusammen. M. rectus inferior und M. obliquus 
inferior legen sich dicht aneinder und sitzen nicht an der lateralen Wand, 
welche eigentlich die ventrale Wand ist. Sie findern ihre Plitze und sitzen 
an der proximalen Seite der Wand (Taf. XTX, Fig. 3). Infolgedessen  sitzen 
zwei obliqui an der proximalen Wandhiilfte des Bulbus, was nicht der Fall fur 
ein typisches Wirbeltierauge ist. M. rectus anterior, der am besten entwickelte, 
sitat an der mittleren Region der proximalen Wand. M. rectus posterior 
ebenfalls etwas proximalwiirts verschoben und nihert sich dem M. rectus 
superior. Man kann dureh die Lage der Muskeln sich leicht vorstellen, dass 
far den Fisch mit Himmelsaugen das Gesichtsfeld sehr beschrinkt oder 
verkleinert ist. Die Augen kénnen jedoch ziemlich gut vyvorwiirts gerichtet 
werden, da vier Muskeln (zwei obliqui, rectus inferior, und wahrscheinlich 


rectus anterior) dafitr yorhanden sind (Taf. XIX, Fig. 4). 


Die Augenwand. 


Die Bulbuswand des Teleskopauges ist ausserordentlich diimn gebildet ; 
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dieses Phiinomen ist, wie H1rsca (1913) meinte, als eine Folge der Vergrosser- 
ung des ganzen Bulbus anzusehen. Eine dunne Membran, welche sich zur 
Stiitze der Cornea ausgebildet hat, tberdeckt diese. Sie ist eine Fortsetzung 
der Ko6rperoberhaut, die hier dunn und durchsichtig geworden ist. Die 
Sclera ist von zwei Teilen gebildet ; der Scleraknorpel ist diinn und deckt nur 
den distalen Teil des Bulbus, das Sclerabindegewebe umhiillt nur den Augen- 
grund (Taf. XIX, Fig. 1, 2). 

Die Chorioidea ist auch dinn. Sie enthdlt nur wenige Gefiisse. Die 
sozenannte Chorioidealdrtise oder Rete mirabile ist sehr ruckgebildet, obwohl 
sie nozh ihre eigentliche Hufeisenform hat und reichliche Pigmente enthiilt. 
Von ihr miissen wir annehmen, dass eine grosse Riickbildung  stattgefunden 
hat, weil wir sie bei Carassius auratus sehr kriiftig entwickelt finden. 
Ligamentum pectinatum (Taf. XIX, Fig. 1, 2. Lig. pect.) ist sear gut ent- 


wickelt, wie bei Carassius. 


Die Retina. 


Braver (1908) hat dargelezt, dass einer der charakteristischen immer 
wiederkehrenden Ziige fiir das. Teleskopauge die Teilung der Retina in eine 
Haupt- und Nebenretina ist. Dies gilt jedoch nicht fur den Goldfisch ; die 
Teilung der Retina findet hier nicht statt. Die Opticuspupille liegt beim 
Goldfische im Augengrunde, nicht in der seitlichen Augenwand, wie bei den 
Tiefseefischen. 

Die am meisten auffallende Eigentiimlichkeit dieses Teleskopauges ist die 
Rickbildung der Retina in einem Teile des Augengrundes. Im Widerspruche 
mit H1rscus Behauptung verschwindet, wie die Abbildungen (Taf. XTX, 
‘ig. 1, 2) uns erkennen lassen, die Zapfen- und Stibchenschicht der Retina in 
dem Augengrunde, und nur das Retinapigment bleibt zurtick. Die innere mole- 
kuliire Schicht ist noch in diesem Teile vorhanden, wo die anderen Schichten 
sich schon riickgebildet haben, aber in der Nihe der Opticuspupille verschwin- 
det auch diese Schicht (Taf. XIX, Fig. 1, 2), was eine Erscheinung ist, 
der wir niemals bei anderen Fischaugen begegnen. Bei Curassius auratus ist 
die Dicke der Retina, besonders die der Zapfen- und Stéibchen-schicht, in der 


Nahe der Opticuspupille am grossten und nimmt nach der Iriswurzel allmahlich 
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ab. Dagegen ist bei diesem Teleskopauge die Dicke in der seitlichen Augen- 
wand am grossten, und auch an der Triswurzel nimmt sie nicht betriichtlich 
ab. Ich lasse hier eine Tabelle foleen, welche die Dicken jeder Schicht der 


Retina zeigt. 


TABELLE I. 
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Aus dieser Tabelle kann man leicht erkennen, dass die Retina im Tele- 
skopauge des Goldfisches im ganz:n sich rickgebildet hat. Selbst an dem am 
besten entwickelten Teile, d. h. an der Seitenwand, ist die Retina noch diinner 
als die am Augengrunde dieses letzteren. Die Rickbildung, wie oben erwihnt, 
ist am stiirksten am Augengrunde, wo schon keine Elemente der Lichtem- 
pfindung des Gewebes mehr vorhanden sind und nur das Pigment und die 
innere granulierte Schicht tibrig bleiden. Wenn man dieses Verhalten mit der 
Retina der Tiefseeteleskopfische vergleicht, so kann man gleich einen grossen 
Unterschied zwischen den beiden bemerken. Bei Tiefseeteleskopfischen ist die 
Retina an der Augenwand niemals riickgebildet, ja vielmehr stark entwickelt, 
wie BRAvER uns gezeigt hat. 

Vas zurtckbleibende Pigment der riickgebildeten Retina wurde bereits 
von Rirrer (1893) bei Lyphlogobius und von E1GeENMANN (1899) bei amerika- 
nischen blinden Wirbeltieren, Amblyopside, deutlich erklirt. Ryrrer erklirt 
bei Typhlogobius': ,,An inerease of pigment is an incident to the gradual 
diminution in functional importance.“ ErG@enMANN sagt auch: ,,primary the 


pigment layer has retained its normal condition, while the rest of the retina 
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has been simplified, and there may be even an increase in the thickness of 
the layer“ (S. 590), und auch ,,usually to be found in degenerate eyes“ (S. 551). 
Die Pigmentschicht zeigt sich hier als eine Fortsetzung des Pigmentepithels 
der Retina, darum kénnen wir mit einem Blick erkennen, was der Ursprung 
der zurtickbleibenden Pigmentschicht ist, obgleich die Zunahme des Pigmentes 
nicht zu sehen ist wie bei den Amblyopside (Taf. XIX, Fig. 6—8). 
EIGENMANN bemerkte auch bereits das Zuriickbleiben der inneren granu- 
lierten Schicht bei blinden Fischen, und schreibt dazu: diese Schicht  ,,owes its 
retention more to its supporting than to its neryous elements“ (S. 692). Wie 
die Abbildung zeigt (Taf. XIX, Fig. 6—8), bleibt auch in diesem Falle die 
innere granulierte Schicht in dem ruckgebildeten Teile der Retina. Das 
Vorhandensein der kraftigen Nervenfaserschicht in demselben Teile ist wohl 
selbstversténdlich, weil sie eine Nervenbalin yom Opticus zu den nutzbaren 
Retinaelementen bildet. Wie die Tabelle I. uns erkennen lasst, ist die Breite 
der Retina beim Teleskopgoldfische ja im héchst entwickelten Teile noch 
dunner als die der Augenseitenwand der vermutlichen Urform. Insbesondere 
die aussere Kornerschicht, iiussere granulierte Schicht und innere granulierte 
Schicht sind sehr reduciert. Die Kerne der verschiedenen Arten sind auch 
mehr zerstreut in der Retina des Goldfisches (Taf. XIX, Fig. 6—8), auch 
sind bei ihm beide Elemente, die Zapfen und Stibchen, gut entwickelt, was 
bei dem gewohnlichen Teleskopauge niemals der Fall ist; bei Tiefseeformen 


fehlen die Stiibchen ganz als eine Folge der Anpassung ans Dunkelleben. 


Ueber das dioptrische Verhalten. 


Wie Braver uns erkennen lisst, hat das Teleskopauge von Tiefseefischen 
sich zur Anpassung ans Dunkelleben ausgebildet, bei dem Goldfische ist es, 
wie oben erwahnt, ganz anders. Der dioptrische Unterschied zwischen den 
beiden Augen ist daher sehr gross. 

Die Cornea, wenn sie auch grosse Verschiedenheiten in der Grosse und 

? c=} 
Gestalt bei Indiyiduen zeigt, hat im allgemeinen sehr starke Vorwélbung. 
In ausserordentlichen Fiillen steht sie assymetrisch zapfenformig empor (Taf. 
XIX, Fig. 1). Bei einem solchen Exemplar muss die Brechung des Lichtes 


durch die Cornea sehr stark sein. 
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Die Linse, welche von der Cornea weit entfernt lieet, ist auffillend klein 
(Taf. XTX, Fig. 1, 2), aber da die Pupille sehr eng ist, bleibt der aphakische 
Raum nicht bestehen. Wie bei Carassius auratus, sind Processus falciformis 
und Campanula halleri (Retraktor der Linse) vorhanden, jedoch konnte ich bei 
manchen Exemplaren Processus falciformis nicht finden. Der Retraktor der 
Linse ist sehr klein und in manchen Fillen hat er sich zu einer nur klemen 
Pigmentmasse riickgebildet. In dieser Hinsicht steht meine Beo' achtung der 
Hirscn’schen entgegen ; die Zahl der von diesem Autor beniitzten Exemplare 
war vielleicht zu klein, um einen richtigen Schluss zu ergebeu. 

Die Form der Linse ist normal, also kugelig. Wir verdanken L. Mar- 
THIESSEN (1882) die Kenntnis, dass bei den Fischaugen die relative Brechkraft, 
d. h. die Brennweite, im Verhiltnisse zum Linsendurchmesser konstant ist. 
Bei allen von ihm untersuchten Fischaugen zeigt das Verhaltnis des Retina- 
abstandes zum Linsendurchmesser einen konstanten Wert, und zwar durch- 
schnittlich 1:2,52. Franz (1907) erweiterte diese Erkenntnis und bestitigte, 
dass diese yon MarruresseN gefundene Proportion auch bei den Selachieraugen 
(bei fixierten, daher der Schrumpfung ausgesetzten Selachieraugen 1 : 2,4) 
vorhanden ist. Darum ,,muss die Fischlinse stets eine ganz bestimmte Brech- 
kraft oder »Totalindex< haben und zwar einen solchen, dass sie bei einem 
Radius *™™ die Lichtstrahlen in etwa 2,52x7"™™ Abstand von ihrem Zentrum 
sammelt“ (S. 276). Er bestiitigte diese Tatsache auch bei den Tiefseefischen 
und formulierte den Satz, dass ,,die Teleskopaugen der Tiefseefische gleich den 
Augen der Flachseefische auf deutliche Sehweite eingestellt sind“ (S. 277). 

Auch Braver (1908) hat festgestellt, dass die yon der Valdivia-Expedi- 
tion gesammelten und von ihm untersuchten Teleskopfische den gleichen Modus 
in bezug auf den Totalindex haben, wenn ihre Augen auch rohrenformig 
gestaltet sind. Sie haben sehr grosse Linsen und dementsprechend ist der 
Abstand yom Linsenzentrum zur Hauptretina so gross, dass das Verhaltnis 
des Abstandes zum Linsendurchmesser nicht veriindert ist. Der Zahlenwert 
des Verhiiltnisses ist nach ihm in Wirklichkeit ,,derselbe wie beim Seitenauge, 
es schwankt néimlich zwischen 1:2 und 1: 2,8, im Durchschnitt betriigt es 
1: 2,3, also, wenn man die infolge der Konservierung notwendig eingetretenen 
Veriinderungen beriicksichtig!, wie beim normalen Seitenauge“ (S. 243). Wir 


wissen ferner sowohl yon Franz (S. 276) als auch yon BRAUER (8. 253), dass 
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alle Teleskopaugen mit wohl entwickeltem Retraktor der Linse versehen sind 
und damit yollstiéindiges Akkommodationsyermégen besitzen. 

Das dioptrische Verhalten ist beim Goldfischteleskopauge sehr veriindert. 
Hier haben wir keinen wohl entwickelten Retraktor der Linse, welcher den 
Akkommodationsvyorgang ermoglicht. Die Linse selbst ist sehr klein, und die 
Retina als eine rickgebildete Form liegt im Augengrunde sehr entfernt vom 
Linsenzentrum. Die nachfolgende Tabelle IL zeigt das Verhiiltnis, welches 
uns das dioptrische Verhalten bei einigen am meisten ausgebildeten typischen 
Exemplaren erklirt. Ausserlich ist bei dem ersten von ihnen der Bulbus 
merklich cylindrisch, bei den anderen ellipsoidisch oder oval. Das Verhiiltnis 
des Retinaabstandes zum Linsendurchmesser ist ausserordentlich gross, wie 


Tabelle IT zeigt. 


TABELLE II. 
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Die Tatsachen, dass diese Zahlenwerte der Verhaltnisse gross sind und 
die Linsen keinen wirklichen Retraktor haben, ermiichtigen uns das Fehlen 
des Akkommodationsvermogens fur die Teleskopaugen des Goldfisches anzu- 
nehmen. Die starke Vorwolbung der Cornea lisst auch das Bild notwendiger- 
weise naher projicieren. Aus solechem Grunde, wenngleich die Retina im 
Augengrunde wohl entwickelt ist, wird wahrscheinlich das Bild von ihr nicht 
empfangen. Aber der Abstand der Retina vom Augengrunde nach der 
Triswurzel nimmt allmihlich ab, und der Zahlenwert (Retinaabstand durch 


Linsendurchmesser diyidiert) wird dementsprechend kleiner ; das schriig in die 
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hintere Augenkammer hineinkommende Licht kann das Bild auf der Retina 
in irgend einer Gegend der Augenseitenwand projicieren. TorNierR (1911) 
konstatierte schon bei pathologisch abnormal yvergrosserten Angen eine Art yon 
Retinariickbildung, die stellenweise, nicht in bestimmten Stellen  stattfindet. 
Bei ,Goldfischteleskopaugen ist die Ruckbildung oder Atrophie der Retina 
immer nur am Augengrunde zu beobachten. 

Die biologische Bedeutung der Ruckbildung der Retina im Augengrunde 
wird uns klar, wenn wir das dioptrische Verhalten dieser Augen in Betracht 
ziehen. Die Retina im Augengrunde liegt zu entfernt vom Linsenzentrum, 
um das Bild zu empfangen, daher ist ihr Vorhandensein nicht mehr notwendig, 
und so hat sie sich rickgebildet. An der Augenseitenwand wird dagegen der 
Abstand der Retina yom Augengrunde nach der Iriswurzel zu allmihlich 
verkiirzt, und so liegt die Retina hier in verschiedener Entfernung yom 
Linsenzentrum. Sie ist hier bei missiger Entfernung der Ikono- und Moto- 
reception cuenstbar, so hat sich ihre Entwicklung erhalten, wenngleich cine 
hochgradige Akkommodation im Leben des yon Menschen geziichteten Gold- 


fisches nicht nétig sein durfte. 


Zusammenfassung. 


1. Wihrend das gewohnliche Teleskopauge cine Folge der Anpassung 
ans Dunkelleben ist, ist es bei dem Goldfische vermutlich durch  kinstliche 
Zuchtwahl des Menschen entstanden. 

2. Das Fehlen der seitlichen Ausbauchungen gibt dem Teleskopauge des 
Tiefseefisches eine fernrohrartige Form (nach FRANZ); die Rohrenform ist also 
eine passive Erscheinung. Beim Goldfische dagegen ist es eine Folge des 
ubermiissigen Wachstums der Wand, dass der Bulbus eine Rohrenform 
bekommt. 

3. Die Vorderaugenkammer ist hier sehr geriiumig, wihrend bei dem 
allgemeinen Teleskopauge die Linse den ganzen Raum einnimmt. 

4. Die fir ein typisches Wirbeltierauge charakteristischen Augenmuskeln 
sind alle vorhanden, obwohl sie beim Himmelsauge eine Verlagerung erfahren. 


5. Die Eintrittstelle des N. opticus ist normal; nur beim Himmelsauge 


ist ihre Lageveriinderung die Folge des ungleichmiissigen Wandwachstums, 
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aber nicht in so hohem Grade, wie sie von Braver bei 'Tiefsecteleskopfischen 
konstatiert wurde. 

6. Im Gegensatz zu dem gemeinen Teleskopauge zeigt sich hier cine 
wohl entwickelte Iris, keine Linse und grosser Retinaabstand. Der Retraktor 
der Linse und Processus falciformis haben sich sehr ruckgebildet. Darun 
besitzt das Goldfischteleskopauge keinen wirklichen Akkommodationsapparat 
im Innern des Auges. 

7. Die Retina im Augengrunde hat sich rickgebildet, weil es hier keine 
Moglichkeit zur Bildwahrnehmung gibt. Dieser Punkt ist ein erheblicher 
Unterschied zwischen den Augen des 'Teleskopgoldfisches und denen des dem 
Dunkel sich anpassenden ‘'Tiefseeteleskopfisches, bei welchem die Retina aim 
Augengrunde am hochsten ausgebildet ist. Die Lichtstellung des Pigmentes 
und das Vorhandensein yon Zapfen mit Stiébechen in der Retina des Gold- 
fischteleskopauges sind nicht der wesentliche Unterschied ; sie werden uns klar, 


wenn wir daran denken, dass der Goldfisch im Lichte lebt. 
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TAFEL XIX. 
Fig. 1. Augenbulbus des cylinderférmigen Typus. 
Vig. 2. Augenbulbus des birnenférmigen T'ypus. 
Fig. 3. Das linke Auge des Himmelsauges; von innen gesehen. 
lig. 4. m H a ; von vorn gesehen. 
Fig. 5. ,, ” ” ” on ; von hinten gesehen. 
fig 6 Retina der Augenseitenwand. 
Fig. 7. Retina des Augengrundes, 
Big. 8 = a es nahe bei der Opticuseintrittstelle. 
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Descriptions of Four New Species of Lepidoptera 
Heterocera from Japan. 


By 


Nobukatsu Marumo. 


With Plate XX. 


NOCTUID&. 
Mythimna rufomedialis n. sp. 
(Pl. XX, figs. 3-5.) 


Head and thorax purplish brown mixed with white ; palpi dark brown ; 
pectus grey-brown ; legs dark brown tinged with purplish, tarsi ringed with 
white ; abdomen grey-brown, the ventral side and the anal tuft tinged with 
purplish red. Forewing grey, irrorated with rufous; an indistinct subbasal 
line from costa to vein 1; a waved dark antemedial line; orbicular whitish 
grey, its inner angled outwards at middle, defined by black and tinged with 
rufous before it in cell; claviform oblong, defined by black, tinged with 
rufous ; reniform whitish grey, tinged with rufous on its upper part, and 
defined by black, the space between it and the orbicular blackish tinged 
with rufous ; an indistinct oblique shade from lower end of reniform to inner 
margin, with rufous tinge on it and connected by a rufous streak with clavi- 
form; postmedial line black, dentate, defined by whitish grey on its outer 
side, bent outwards below costa, incurved below vein 3; an indistinct sub- 
terminal line, tinged with rufous; a terminal series of black lunules; cilia 
grey-brown, slightly tinged with pink, a whitish line at base. Hindwing 
whitish, slightly tinged with pink and irrorated with fuscous ; a dark terminal 


line ; cilia whitish, tinged with pink. Underside of forewing brown, tinged 
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with purplish red on costal and terminal areas; a dark discocellular spot and 
a dark postmedial line; of hindwing whitish tinged with purplish red; a 
dark discocellular spot and a slightly waved postmedial line. 

Expanse : 38-40 mm. 

A male type in my collection, taken by Mr. Yazawa on Mt. Shirouma 
(about 3,000 m.), August 7, 1916. Another male specimen taken also by 
Mr. Yazawa. 

Comes near to WM. rubricosa Schiff, but readily distinguished from it by 


the rufous tinge at middle of forewing. 


Hyposada otoensis nu. sp. 
(Pl. XX, fig. 2.) 


Head, palpi and tegule dark brown, mixed with whitish; thorax and 
abdomen pale brown, irrorated with dark brown and black; forefemur with 
black hair. Porewing pale ochreous, ivrorated with brown and crimson ; 
costal margin fuscous ; antemedial line very indistinct; a dark spot at end 
of cell; postmedial line double, bent outwards below costa, then oblique and 
slightly waved, with a dark triangular large patch on its outer side at costa ; 
the area beyond it, except towards costa, suffused with brown; a fine waved 
blackish terminal line, with a series of black points on it in the interspaces 
of veins; cilia whitish, mixed with brown and crimson. Hindwing pale 
ochreous, irrorated with brown and crimson; inner area paler; a dark ante- 
medial line almost straight, obsolescent towards costa; 2 blackish postmedial 
line excurved at middle, ineurved between veins 5 and 6 and again on sub- 
median fold; subterminal line very indistinct, slightly waved; a fine waved 
blackish terminal line with a series of black points on it in the interspaces 
of veins; cilia as in forewing. Underside whitish, irrorated with brown ; 
forewing with the costa ochreous, suffused with brown on terminal area, 
traces of a curved postmedial line; hindwing with a dark discocellular spot 
and traces of a postmedial and subterminal curved lines; an indistinct ter- 
minal series of dark spots on both wings. 

Expanse : 20 mm. 

A male type in my collection, taken by me at Komori, Yamato, August 
5, 1916. 
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LASIOCAMPID. 


Takanea japonensis n. sp. 
(Pl. XX, fig. 1.) 


Head, thorax and abdomen red-brown, tegule with a chestnut or crimson 
longitudinal stripe at middle. Forewing red-brown; veins red-brown or 
crimson, streaked with black on them at middle; antemedial line dark, bent 
outwards below costa and on median nervure, the area inside of it white and 
tinged with red-brown; a black spot on discocellulars; postmedial line pale 
ochreous, indistinct, bent outwards below costa, then oblique and slightly 
sinuous to vein 2 and angled inwards on vein 1; subterminal line pale 
ochreous, somewhat dentate, excurved between veins 6 and 8, and again 
between veins 3 and 4, the area beyond it aboye vein 6 suffused with fus- 
cous ; cilia red-brown spotted with blackish. Hindwing brown; veins streaked 
with red-brown ; antemedial line pale and indistinct, arising from the white spot 
on costa ; cilia red-brown, spotted with blackish. Underside of forewing mostly 
like the upper, the postmedial line distinctly defined on inner side by red- 
brown ; of hindwing reddish brown, with the costa dark red-brown; ante- 
medial line dark red-brown, defined by white on its outer side, angled in- 
wards on vein 2 and not reaching inner margin ; an indistinct pale postmedial 
line, excurved at middle, defined slightly on both sides by red-brown. 

Expanse : 46 mm. 

A male type in my collection, taken by me at Dorokawa, Yamato, 
August 8, 1916. Another male by Mr. Yano at Nikko, July, 1916. 

Comes near to T. (Crinocraspeda ?) excisa Wileman from Formosa and 


the present species may possibly be a form of it. 


GEOMETRID®. 
Sarcinodes? mongaku n. sp. 
(Pl. XX, fig. 6-8.) 


Head and tegulx grey-brown, mixed with white; palpi whitish grey, 


irrorated with brown; thorax and abdomen red-brown, the latter irrorated 
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with black; femora and tibiee white, tinged with pink and irorated with 
black, tarsi fuscous on outer side. Forewing red-brown suffused with pink 
and irrorated with black; veins finely streaked with white; costal area 
crimson ; an antemedial black spot on costa; a black spot on discocellulars ; 
an oblique dark olive line from apex to inner margin beyond middle, defined 
by white on inner side and slightly sinuous above vein 6; an indistinct sub- 
terminal series of dark spots; cilia dark blown. Hindwing red-brown, its 
basal half paler, suffused with pink and irrorated with black; veins streaked 
finely with white; an almost straight postmedial dark olive line, somewhat 
diffused outwardly, edged with white on its inner side; cilia dark brown. 
Underside pinkish white, suffused with dark olive and red, and irrorated 
with fuscous; forewing with a black spot on discecellulars ; a postmedial 
series of black spots on veins and a very indistinct series of dark spots just 
before termen; hindwing with an indistinct dark spot on discocellulars, an 
inregular indistinct pale subterminal line, the area beyond it dark olive. 

Expanse: 46 mm. 

A male type in my collection, taken by me at Nachi, Kii, July 28, 
1916. 

In the present species and Sareinodes restitutaria the vein 9 arises from 
10 and anastomoses with 8 It seems that it is better to remove those two 


species from the genus Sarcinodes. 


EXPLANATION OF PLATE XX. 


Fig. 1. Takanea japonensis, &. 
Fig. 2. Llyposada otoensis, &. x15. 
Fig. 3. Mythimna rufomedialis, &. 
Fig. 4. Head of ditto. 

Fig. 5. Wings of ditto. 

Fig. 6. Sarcinodes ? mongaku, &. 
Fig. 7. Head of ditto. 

Fig. 8. Wings of ditto. 
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A Revision of the Japanese Pyralide. 
Part I (Subfamily Epipaschiine ’). 


By 


Nobukatsu Marumo. 


With Plate XXI. 


The Epipaschiinee together with the other subfamilies, Mndotrichine, 
Pyralinz, and Chrysauginz’ belongs to the group of the Pyvralidee in which 
the median nervure of the hindwing is non-pectinate on upperside, and the 
vein 7 of the forewing stalked with 8 and 9. The Epipaschiinse is readily 
distinguished from the other three subfamilies by having the small tufts of 
scales in the forewing in the cell and on the discocellulars. 

Nineteen species of the Epipaschiinses which have been recorded from 
Japan are distributed amongst the five genera, Arnatula, Macalla, Locastra, 
Stericta, and Orthaga. It seems, however, to me that to these one more is 
to be added, since there is a group of species which are to be referred to 
none of these 5 genera. 

This group of species includes the forms in relatively small size and 
has a close affinity with the genus Lepidogma, differing slightly from it. 
But the difference between the two groups is so slight that I sink the former 
into the latter in this paper. 

Tn the present paper a species new to science is described. 


The species not examined by me are marked with *. 


Key TO THE GENERA. 


A. Hindwing with vein 8 anastomosing with vein 7. 
a. Hindwing with veins 4 and 5 stalked ..2....--- 2. eee eee ee eee 1. Arnatula. 
». Hindwing with veins 4 and 5 approximated for a short distance...... 2. Lepidogma. 
1. The subfamily name should be amended to Pococerinae. 


2. Chrysauginae should be amended to Signinae. 


(Jour. Coll. Agric, Vol. VI, No. 4, 1920.] 


266 N. MARUMO: 


B. Hindwing with vein 8 free. 
a, Forewing with veins 4 ond 5 approximated for about $ length; 
the, discocellularsubian leds cir. atrscraweiisctocteretcier ater oeclaie ievetotseiamereieleiets 3. Macalla, 
b, Forewing with veins 4 and 5 not approximated towards base ; the 
discocellulars not biangled. 
a’. Palpi with the second joint reaching well above vertex of head .... 4. Stericta. 
bt. Palpi with the second joint hardly reaching vertex of head. 
a?, Tibicze and tarsi nearly smoothly scaled.%...............+.--- 6. Orthaga. 


b?. Tibi and tarsi fringed with long hair. ...............---.. 5. Locastra, 


Genus ARNATULA. 


Arnatula Staudinger ; Hampson, Trans. Ent. Soe. 1896, p. 455. 


1. Arnatula melanophila. 
Noctuides inelanophila Staudinger, Iris. V. p. 466, pl. IIT. f. 22 (1892). 
Arnatula melanophila Staudinger, Iris. VI. p. 78 (1893). 
Parorthaga euryptera Meyrick, Trans. Ent. Soe. Lond. 1894, p. 476. 
Loe.: Honshiu (Nagahama, Kyoto) ; Siberia. 


Time of appearance: July. 


Genus LEPIDOGMA. 
Lepidogma Meyrick ; Hampson, Trans. Ent. Soc. Lond. 1896, p. 459. 


2. Lepidogma japonica n. un." 
(Pl. XXI, fig. 13.) 
Orthaga basalis South, Trans. Ent. Soe. Lond. 1901, p. 417. 
Loec.: Honshiu (Tokyo); Kiushiu ; Corea. 
Time of appearance: June, July. 
The name Orthaga basalis is preoccupied, so that the new name should 


be selected. 


3. Lepidogma kiiensis u. sp. 
(Pl. XXI, figs. 14, 15, 16.) 
Palpi and frons black mixed with grey; the processes which arise from 


1. Lepidogma melanobasis Hmpsn. (A.M.N.H. (7) XVIL p. 129 (1906)) is probably identical 
with this species. 
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the base of antennse whitish grey mixed with black and ochreous; vertex of 
head and thorax ochreous, the -patagia tipped with black; abdomen 
ochreous so thickly irrorated with black that the ground colour is hardly 
visible except on basal segments ; pectus, abdomen beneath, and legs except 
tarsi white irrorated with black; tarsi black rimged with white. Forewing 
olive yellow, with the costa tinged with black; a spot in and below cell 
near base; an antemedial spot on costa and on inner margin, the spot on 
inner margin forming a line; a black spot on discocellulars ; postmedial line 
black, minutely dentate, expanded and forming a broad bland below vein 5 ; 
terminal area suffused with black; a terminal series of black spots; cilia 
fuscous with a dark line near base. Hindwing fuscous; cilia as in forewing. 
Underside fuscous with traces of postmedial line. 

In one male specimen the forewing wholly suffused with blackish, leay- 
ing a pale costal fascia, and the discoidal mark being only distinct. 

Expanse : 16-20 mm. 


Four male specimens taken at Nachi, Kai, on 19th and 25th, July 1917. 


Genus MACALLA. 


Macalla Walker ; Hampson, Trans. Ent. Soe. Lond. 1896, p. 463. 

The veins 4 and 5 of the hindwing have been oberestimated by Hamp- 
son. These two veins are closely approximated towards origin in some 
specimens, but not so in the others. 


4. Macalla moncusalis. 
(Pl. XXI, figs. 1, 2.) 


Lamida moncusalis Walker, Cat. XVI. p. 252 (1858). 
Allata penicillata Walker, Cat. XX VII. p. 111 (1863). 
Orthaga obscura Moore, Lep. Atk. p. 201 (1887). 
Macalla moncusalis Hampson, Moths Ind. IV. p. 113 (1896). 
Loc.: Honshiu (Kaga, Tokyo); Kiushiu (Bungo, Satsuma). 
Time of appearance: June, August. 
Hampson places this species together with the followings under his Sect. 


I, in which thé male has “the 2nd joint of palpi short, the 3rd immensely 
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dilated and curved over vertex of head with a hollow containing the maxillary 
palpi which are tufted with long hair; paired tufts of hair behind antennz ;” 
but in the specimens identified by me with such species as moncusalis, amica 
and nigrescens, the 2nd joint of the palpi immensely dilated with the hollow 
containing the brush-like maxillary palpi, the 3rd minute instead of being 


dilated, and without processes behind antenne. 


5. Macalla amica. 
(Pl. XXI, figs. 3, 4, 5.) 


Locastra amica Butler, A. M. N. H. (5) IV, p. 447 (1879). 

Macalla amiea Hampson, Trans. Ent. Soc. Lond. 1896, p. 464. 
Loe.: Honshiu (Tokyo, Kii, Kaga, Yokohama); Shikoku (Tyo). 
Time of appearance: July, August. 


In most specimens the veins 6 and 7 of the hindwing are stalked. 


6. Macalla nigrescens. 


Parasarama (?) nigrescens Warren, A. M.N.H. (6) VII. p. 428 (1891). 
Macalla nigrescens Hampson, Trans. Ent. Soe. Lond. 1896, p. 464. 

Loc. : Hokkaido (Sapporo) ; Kiushiu. 

Time of appearance : 

I have received a male specimen from Isshiki, in which the expanse 


much smaller (21 mm.) than the type (26 mm.). 


7. Macalla margarita. 
Locastra margarita Butler, Tl. Typ. Het. III. p. 66, pl. 57. f. 4 1879). 
Locastra lativitta Moore, Lep. Atk. p. 199, pl. 7. f. 1 (1887). 
Macalla margarita Hampson, Moths Ind. IV. p. 116 (1896). 
Loe. : Honshiu (Tokyo, Kii, Yokohama); India; Borneo. 
Time of appearance: July. 


Belongs to Hampson’s Sect. V (uncorrectly indicated as IV). 


8. Macalla inimica. 
(Pl. XXI, fig. 7.) 


Locastra inimica Butler, A. M.N.H. (5) IV. p. 448 (1879). * 
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Pseudolocastra inimica Warren, A. M.N.H. (6) VII. p. 429 (1891). 
Macalla inimica Hampson, Trans. Ent. Soc. Lond. 1896, p. 464, 

Loe. : Honshiu (Tokyo, Kyoto) ; Kiushiu. 

Time of appearance: September. 

Hampson places this species in his Sect. I, but in the specimen ex- 
amined and identified with this species by me the palpi of the male similar 
to those of the female and without paired tufts of hair behind the antenna. 


It is, therefore, natural to remove this species from Sect. I to Sect. V. 


*9, Macalla bilineata. 


Macalla bilineata Wileman, Trans. Ent. Soc. Lond. 1911, p. 364. 
Loc. : Honshiu (Settsu). 


Time of appearance: July. 


“10. Macalla elegans. 


Macalla elegans Butler, Trans. Ent. Soc. 1881, p. 581. 
Loc. : Honshiu (Nikko, Yamato) ; Siberia. 


Time of appearance: June, July, August. 


“11. Macalla scoparialis. 


Macalla scoparialis Wileman, Trans. Ent. Soc. Lond. 1911, p. 365. 
Loc. : Honshiu (Nikko). 


Time of appearance: August. 


Genus LOCASTRA. 


Locastra Walker ; Hampson, Trans. Ent. Soc. Lond. 1896, p. 469. 


12. Locastra muscosalis. 
(GEIL 2x01, aes, 1}, Sh ag) 
Taurica muscosalis Walker, Cat. XXXIV. p. 1269 (1865). 


Locastra cristalis Hampson, Il. Typ. Het. IX. p. 157, pl. 172. f. 3. (1893). 
Locastra muscosalis Hampson, Moths Ind. IV. p. 119 (1896). 
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Loc. : Kiushiu (Nagasaki) ; Honshiu (Tokyo, Kii); China ; India ; Ceylon; 
Rangoon. 


Time of appearance: June, July. 


Genus STERICTA. 


Stericta Lederer; Hampson, Trans. Ent. Soc. Lond. 1898, p. 470. 


13. Stericta haraldusalis. 


Steridtra (?) haraldusalis Walker, Cat. XVI. p. 160 (1858). 
Craneophora ficki Cristoph, Bull. Mose. LVI (1). p. 2 (1881). 
Scoparia variegata Moore, Lep. Atk. p. 203, pl. 7. f. 4 (1887). 
Blenopholis striata Butler, Il. Typ. Het. VII. p. 99, pl. 134. f. 3 (1889). 
Stericta haraldusalis Hampson, Moths Ind. IV. p. 42 (1896). 

Loc.: Honshiu (Tokyo, Kii); Corea; India; Siam; Borneo; Siberia ; 
China. 


Time of appearance: May, June, July, September. 


14. Stericta olivacea. 
(Pl. XXI, fig. 11.) 


Hyperbalanotis olibacea Warren, A. M.N.H. (6) VIL. p. 483 (1891). 
Orthaga olivacea Hampson, Trans. Ent. Soc. Lond. 1896, p. 476. 
Loe. : Kiushiu ; Honshiu (Kii, Tokyo) ; Loochoo ; China. 
Time of appearance: June, July, August. 
This species should be placed under the genus Sfericta, since the palpi 


of this species are longer than those of Orthaga. 


“15. Stericta olivalis. 


Stericta olivalis Wileman, Trans. Ent. Soc. Lond. 1911, p. 365, pl. 51. 
te 20) 
Loe,: Honshiu (Yoshino) ; India ? 


Time of appearance: August. 
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Genus ORTHAGA. 


Orthaga Walker; Hampson, Trans. Ent. Soc. Lond. 1896, p. 475. 


16. Orthaga euadrusalis. 
(Pl. XXI, fig. 12.) 


Orthaga evadrusalis Walker, Cat. XVI. p. 191 (1858). 
Orthaga acontialis Walker, Cat. X XVII. p. 103 (1863). 

Loc. : Honshiu (Tokyo, Kii, Yoshino); Shikoku (Iyo); India; Ceylon ; 
Borneo; Java. 


Time of appearance: June, July, August. 


17. Orthaga achatina. 


Glossina achatina Butler, Ill. Typ. Het. 11. p. 56, pl. 38. f. 10 (1878). 
Orthaga achatina Hampson, Trans. Ent. Soc. Lond. 1896, p. 476. 

Loc.: Honshiu (Tokyo, Yokohama, Kii, Nagahama, Tsuruga, Fushiki) ; 
JGushiu. 


Time of appearance: July, August. 


“18. Orthaga grisealis. 
Orthaga grisealis Wileman, Trans. Ent. Soc. Lond. 1911, p. 366. 
Loc. : Honshiu (Yokohama, Yoshino). 


Time of appearance: July, October. 


“19. Orthaga onerata. 


Bleptina onerata Butler, A. M.N.H. (5) IV. p. 447 (1879). 
Orthaga onerata Hampson, Moths Ind. IV. p. 126 (1892). 
Loc. : Honshiu (Yokohama, Nagahama); India; Borneo. 


Time of appearance: July. 
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EXPLANATION OF PLATE XXt!. 


Fig. 1. Macalla moncusalis, &. x1. 

Fig. 2. Head of ditto. 

Fig. 3. Macalla amica, &. x1. 

Fig. 4, a, head of Macalla amica, &; b, ditto, 9; c, palpus of ditto, 6, 
containing a brush-like maxillary palpus. 

Fig. 5. Palpus of ditto, @. x 23, 

Fig. 6. Wings of ditto, @. x4. 

Fig. 7. Macalla inimica, &. x1. 

Fig. 8. Locastra muscosalis, &, x1. 

Fig. 9. Palpus of ditto, @. x23. 

Fig. 10. Wings of ditto, G. x4. 

Fig. 11. Stericta olivacea, 9. x1. 

Fig. 12. Orthaga euadrusalis, &. x1. 

Fig. 13. Lepidogma japonica, &. x1. 

Fig. 14. Lepidegma kiiensis, G. x1. 

Fig. 15. Head of ditto, @. 

Fig. 16. Wings of ditto, 6. x6. 
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A Revision of the Notodontide* of Japan, Corea 
and Formosa with Descriptions of 5 New 
Genera and 5 New Species. 


By 


Nobukatsu Marumo. 


With Plates XXII-XXXIX and 43 Text-Figures. 


Introduction. 


In 1898-1899, LeEcH stated in his work' 56 species in the family 
Notodontidss, which are found in both Japan and Corea, but the three species 
—Stenoloba jankowskii Oberthir, Gelastocera exusta Butler, and Platychasma 
virgo Butler—are to be removed from the family and included in the family 
Noctuidee. 

Tn 1901, SrauprncEr’ mentioned 34, and in 1905 Matsumura’ 53 species. 

In 1909, Matsumura added the following 6 new species, but these are 


not new to science and considered as synonymous as follows: 


Pheosia octofasciata Matsumura = Drymonia lineata Oberthir 

Notcdonta Ishidee 7 = Lophodonta greseri Staudinger 
Notodonta Nitobei e = Lophodonta aliena Staudinger 

Spatalia Okamotonis ss = Spatalia dives Oberthiir 

Drymonia discoidalis 7 = Drymonia trimacula dodonides Staudinger 
Zangra ziozankeana - = Densitas permagnum Butler 


In 1910-1916, Witeman recognized the following 26 species together 


with the many unrecorded species from Japan and Formosa : 


*The family name Notodontida should be amended to Ceruride. 

1. Lrxcu: Lepidoptera Heterocera from N. China, Japan and Corea (Trans. Ent. Soc. 
Lond. 1898-1899), 

2. Srauprvcer: Catalog der Lepidopteren des palaearctischen Faunengebietes. Berlin, 1901. 

3. Marsumura: Catalogus Insectorum Japonicum, I. Tokyo, 1905. 


(Jour. Coll. Agric., Vol. VI, No. 4, 1920.] 


Phalera obscura. 
Stauropus viridipicta, 
Stauropus nigribasalis. 
Stauropus confusa. 
Fentoria niphonica. 
Spatalia jezcensis. 
Notodonta basilinea. 
Notodonta griseotincta. 
Notodonta ? basinotata. 


Ochrostigma japonica. 
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Tarsolepis taiwana. 
Stauropus bidentatus. 
Slauropus pulverlenta. 
Fentonia variegata. 
Fertonia nigrofasciata. 
Notodonta rothschildi. 
Notodonta lativitta. 
Notodonta furva. 
Liparopsis formosana. 


Pydna kanshireiensis. 


Pydna abifusa. Pydna virgata. 
Pydna sordita. Pydna nebulosa. 
Pydna inconspieua. Gluphisia japonica 


In 1912, Grinpera described a new species, Drymonia eximia, and a 
new aberrant form, Hupodonta pulcherrima stigmatica, but to my consideration 
the former should be identical with Fentonia niphonica Wileman. At the 
same time he also founded a new genus Gangaridopsis for the reception of 
Gangarides citrina which was described by W1hEMAN as an Eupterotid. 

In the same year PUNGELER recognized a new species, Ochrostigma ussu- 
riensis, from Ussuri District. This should also be considered as synonymous 
with Stauropus bidentatus Wileman. 

In 1916, NaGavxo published his valuable paper on the life histories of 
some Japanese Lepidoptera, which contains the three new genera—Wilemanus, 
Disparia, Micromelalopha—a new species—Phalera minor—and a new varietical 
form—Drymonia ? manleyi coreana. The genus Disparia seems to me to be 
sunk to Macrurocampa Dyav. 

In 1917, WiteMAN and Sours recognized the three new species—Dry- 
monia basalis, Stauropus oblitera, Tarsolepis japonica—from Japan. 

Although many new species have been described by the above mentioned 
authors, their investigations look in some cases to be unsatisfactory. Thus, 
Asteroscopus atroviltatus Bremer has hitherto been included by several authors 
under the genus Mivrophalera. But a slight examination of it proves that 
the genus Microphalera is not the good place and a new genus should be 
required for it. The genus Fentonia Burien has been erroneously characterized 
by Hampson including several Indian and Japanese species, but most of them 


may possibly be referable to the genus Macrurocampa Dyavr. 
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In the following lines, I will try to remark on the already known species 
of the Notodontidse of Japan, Corea and Formosa as far as I examined. 

Tn describing the generic character great stress is layed upon the palpus 
and the lobe of the foretibiz. 

The number of the species of the Notodontide already recorded from 
there are 110 belonging to 40 genera, to which I am able to add 5 new 
genera and 5 new species. 

As the two species, Notodonta trachitso Oberthiy and Pygera timon 
Hubner recorded by GriNBERG are doubtful to exist in Japan, are put out 
from our list. 

Before giving some remarks in each known species and describing new 


genera and species, I will mention their geographical distribution. 


PSs Locality = & & 2 g K 3 
Sa cs} a g | aq $ qd a3 
Species SS 3 5 3 2 8 3 O8 
(ia q n td to) =| 
1. Phalera assimils Brem. et Grey x x x x China, Siberia 
2. P. minor Nagano x 
3. PB. fuscescens Butl. x x 
4. P. flavescens Brem. x x x x China, Siberia 
5. P. combusta Wk. x | China, India ete. 
6. P. obscura Wileman x 
7. P. flavinacula Wileman B 
8. Tarsolepis sommeri Hiibn. x x China, India ete. 
9. T. japonica Wileman et South x 
10. T. taiwana Wileman x 
11. Spatalia dives Oberth. x x Siberia 
12. S. doerriesi Graes, x ss x Siberia 
13. S. jezensis Wileman x 
14, S. plusiotis Oberth. x x China 
15. S. ornata Oberth. x x China 
16. S. cinnamomea Leech x BS 
17. Cnethodonta grisescens Staud. x x Siberia 
18. Stawropus fagi Linn. x x CEES ta 
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ae ays a Localities g | = z e z we 

Species —— 2 Z S E Z | Es 5: 

S| 8 n <s 1) & A 

19, Stauropus basalis Moore Nil) | x | China, Siberia 
20. S. viridipictus Wileman Olle Ss 
21. S. nigrobasalis Wileman | | | x 
22. S. pulverlentus Wileman | | | x | 
23. S confusus Wileman | x 
24. 8S. obliterata Wileman et South | | x 
25. Hoplites milhauseri Fabr. x x a : 
26. Microhoplites circumscripta Butl. Oa | | 
27. Urodonta viridimixta Brem. x x | Siberia 
28. U. branicki Oberth. x | x | , Siberia 
29. U. arcuata Alph. | x Siberia 
30. Lophocosma atriplaga Staud. x | x Siberia 
31. Microphalera grisea Butl. x x | Siberia 
32. Lophopteryx capucina Linn. x x | x ees Siberia, Europe 
33. L. saturata Wk. x x | India, Siberia 
34. L. ladislai Oberth. x x | Siberia 
35. L. admirabilis Staud. x x | Siberia 
36. L. velutina Oberth. x x | Siberia 
37. Lophontosia cuculus Staud. Re ae | | 1 mage Siberia 
38. L. pryeri Butl. x | x | | | 
39. Allodonta leucodera Staud. x | x | : Siberia, India 
40. A.? gigantea Butl. x | x Siberia ? 
41. Yazawaia japonica n. sp. | x | 
42. Cerura lanigera Butl. x x x Siberia 
43.  C. bifida Hitbn. x | ase aes ey 
44. C. furcula Clerck | | x ea 
45. C. liturata Wk. | x |China, India ete. 
46. CU. erminea Esp. | x Ee 
47. C. vinula Linn. x x | x x . | Siberia, Europe 
48. Muacrurocampa sigmata Butl. x x x China 
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7s 


Localities ie | 3 | B|e z ae 
; So iea ich ies.) g | g aa 
—— 

= — | | — 
49. Macrurocampa delia Leech ee | 
50. DL niphonica Wileman | x 
51. JL. variegata Wileman | x x 
52. VYacrurocampa ? morolsciata” ot | | ~ 
53. Uropyia meticulodina Oberth. x x | Siberia 
54. Fentonia ocypete Brem. x x Siberia, India 
55. Nerice davidi Oberth. x x China, Siberia 
56. LN. bipartita Butl. x x x China 
57. Brachionychoides geo % x Siberia 
58. Hyperceschra biloba Oberth. x x Siberia 
59. IL. basilinea Wileman x 
60, HH. taiwana n, sp. x 
61. JZ. tenebrosa Moore x India 
62. Notodonta dembowskii Oberth. x x Siberia. 
63. N. stigmatica Wileman x x? 
64. N. tritophus Esp. x China, Siberia 
65. N. cinerea Butl. x x 
66. N. griseotincta Wileman x 
67. NV. furva Wileman x 
68. V.? basinotata Wileman x 
69. Hupodonta pulcherrima Moore x x India 
70. IL. obsoleta n. sp. x 
71. Pheosia dictceoides Esp. x Siberia, IES 
72. Leucodonta bicoloria Schiff, x Siberia, Europe 
73. Wilemanus bidentatus Wileman x x Siberia 
74. Lophodonta greeseri Staud. x x Siberia 
75. L. aliena Staud. x Siberia 
76. LL. lativitta Wileman x 
77. LI. monetaria Oberth. x x Siberia 
78. Euhampsonia cristata Butl. x x China, Siberia 
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79. Euhampsonia splendita Oberth. x x China, Siberia 
80. Gangaridopsis citrina Wileman x 

81. Himeropteryx miraculosa Staud. x x Siberia 

82. Pygoyteryx suava Stand. x Siberia 

83. Melalopha anastomosis Linn. x x x ane Rivers 
84. M. anachoreta Fabr. x x x x ae ieee 

| 

85. .M. curtuloides Ersch, Siberia 

86. Egonocia cyanea Leech x 

87. E. formosant n. sp. x 

88. E. nachiensis n. sp. x 

89. £. fasciata Moore x China, India 
90. E. perdix Moore x | China, India 
91. Drymonia lineata Oberth. x x Siberia 

92. D. trimacula Esp. x Siberia, Europe 
93. D. basalis Wileman et South x 

94. D. chaonia Hiibn. x Europe 

95. Lipuropsis formosana Wileman x 

96. Ochrostigma japonica Wileman x 

97. O. manleyi Leech x x 

98. 0. punctatella Motsch. x x 

99. Ptilophora plumigera Esp. x x Siberia, Europe 
100. Ramesa tosta Wk. x India 

101. Lt. pallida Butl. x x x China, India 
102, R. sordita Wileman x 

103, RB, nebulosa Wileman x 

104. LR. kanshireiensis Wileman x 

105. R. straminea Moore x x x x China 

106. LR. southerlandii Holland x 

107, R. inconspicua Wileman x 

108. A. plumosa Leech St 
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Localities 3 4 3 5 3 Pp 3 

109. Ramesa virgata Wileman x 

110. Rk. albifusa Wileman x 

111. Pterostoma sinicum Moore x x China, Siberia 

112. Glusphisia japonica Wileman x x 

113. Micromelalopha troglodyta Gres. x Siberia 

114. Gonoclostera timonides Brem. x x x | China, Siberia 

115. Densitas permagnum Butl. x * 


I must express my hearty thanks to Prof. Sasaxt who has permitted me 
to examine his original figures. 

To Dr. Mtyaxr whom I am deeply indebted for permission of examina- 
tion of his valuable collections and for assistance of his kind advices I am also 
under special obligation. 

Thanks are also due to Messrs. YANO, NAGANo, MrrsuHASHI, YAMADA, Hrra- 
YAMA and TakamuKu who have aided me with their collections or figures. 


(In the following lines the species not examined by me are marked with +.) 


Family NOTODONTIDA. 


Proboscis usually more or less aborted in many genera, but sometimes 
fully developed as in Fentonia; palpi usually moderate, rarely abnormally 
developed as in Pterostome; ocelli absent in most genera, rarely present ; 
eyes usually naked, sometimes hairy ; antenne variable. Legs usually hairy ; 
foretibize with the lobe usually well developed; hindtibize usually with two 
pairs of spurs, sometimes with only a pair. Wings almost always fully 
developed in both sexes. Forewing with la connected with 1b near the base 
to form a fork, but rarely la not connected with 1b; le absent; 5 from 
middle or from above middle of discocellulars, rarely from just below the 
upper angle of cell or rarely entirely absent. Hindwing with vein le absent ; 


5 from middle or from above middle of discocellulars or sometimes absent ; 
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6 and 7 usually stalked, rarely both from the upper angle of cell; 8 free 
from the base, running close along the upper margin of cell to beyond middle 
and usually connected with it by a short bar or tonching it. Frenulum 
usually present, rarely absent. 

Larve with 14 or 16 feet. Head rather large. Body smooth or hairy 
and sometimes humped or tuberculated ; with secondary sete on the side of 
prolegs ; anal legs sometimes prolonged into filaments. 

“The pupe of this family never show more than a small triangular or 
polygonal proximal portion of the labial palpi, and maxillary palpi are never 
present- The femora of the prothoracic legs are never exposed. The epi- 
cranial suture is present in the genera Apatelodes and Melalopha. 'The 
maxille never reach the caudal margin of the wings. The antenne are 
always widest at their proximal ends, and there the width exceeds the greatest 
width of the prothoracic legs. Each antenna tapers gradually to a pointed 
tip and the tips often lie adjacent on the meson caudad of the other appendages. 
The metathoracie lees are seldom visible. The mesothoracic leg never reaches 
cephalad to the eye-pieces. The abdomen is always punctate and in most 
species the punctures are large. A eremaster is usually present and there are 
various types” (Mosher). 

Many prominents resemble in general appearance to the Lymantrids and 
Noctuids, but they are easily distinguishiable one from the other chiefly by 
the venation’. In the venation they also resemble to the Geometrids, but 
readily distinguished from the latter by the basal part of vein 8 of the 
hindwing not making a prominent bent. 

Although the venation is, as in the other families, one of the important 
characters in the classification of this family, it varies considerably even 
within the livits of the same species. For instance, the vein 6 of the forewing 
of Phalera (Dinara) combusta arises in some specimens from beyond upper 
angle of cell, but in others it arises from the upper angle of cell. The vein 
10 is also subject to an individual variation in some species. The vein 8 of 
the hindwing which is used by Hampson (Catalogue of Lepidoptera Phalznz 
in the British Museum, Vol. I) in separating this family from the Geometride 


1. In an Indian genus Cyphanta Hampson the vein 5 of the forewing arises from lower 
angle of cell. 


is usually connected with the upper margin of cell by a short bar or touchin 
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s 


it in a point. It is not, however, so in all cases. It therefore, requires much 


caution in using the venation as a generic character. 


A. 


Key TO THE GENERA. 


Forewing without tuft of scales on inner margin. 
a. Hindwing with vein 5 present. 
a1, Forewing without areole, 
a*, Hindwing with veins 7 and § bent upwards to the costa........... Liparopsis. 
b?. Hindwing with veins 7 and 8 not bent upwards to the costa. 
a3, Hindtibiee with one pair of spurs. 
a+, Forewing with vein 6 from upper angle of call or shortly 
stalked with 7, 8, 9 and 10; 10 from beyond 7. 
a®, Frenulum present. 


as, Eyes naked. 


a7, Abdomen without dorsal series of crests ..... Cnethodonta, 

67. Abdomen with dorsal series of crests. ...... - -Stauropus. 

Oa Wyes SpATSely, MANY Sacre cies ccie visi cciee esse .-- Gluphisia. 

Be Mmbrent lumen DSEn immer terse ctertists stclotersiclelele\s.e%s <isisie) eievaueiete(s Densitas. 


a*. Forewing with vein 6 from far beyond the upper 
angle of cell; vein 10 from before 7. 
a°, Forewing with termen not strongly oblique; hindwing 
with veins 6 and 7 stalked to beyond middle. ... ...Wicrohoplitis. 
b5. Forewing with termen strongly oblique ; hindwing with 
veins 6 and 7 not stalked to beyond middle............. Hoplites. 
v3, Hindtibiee with two pairs of spurs. 
a+, Forewing with vein 10 from beyond vein 7. 
a>, Abdomen with dorsal series of crests. ........---.... Stauropus. 
v5, Abdomen without dorsal series of crests. 
a’, Palpi not fringed with long woolly hair; forewing 
with the subcostal vein hairy on underside. .. ... Eyonocia. 
bs. Palpi fringed with long woolly hair; forewing 
with the subcostal vein not hairy on underside ......Drymonia. 
b+. Forewing with vein 10 from before 7. 
a°, Palpi with 3rd joint little shorter than 2nd. .......1 Microphalera. 
b®. Palpi with 3rd joint much shorter than 2nd. 
a®. Forewing with termen more or less rounded, 
hind angle not sharply defined.............-.--- Hupodonta. 


bs, Forewing with termen oblique; hind angle sharply defined. 
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a7, Frons with a short sharp tuft............-..-- Urodonta. 
67. Frons without a short sharp tuft. ...... Maer. .urocampa. 
bt, Forewing with an areole. 
a?, Abdomen with anal tuft of long spatulate scales..............-.... Tarsolepis. 
b?. Abdomen without anal tuft of long spatulate scales. 
G22, -Hindtibis) with \one:pairiOf spurs. (9 sie. ates\stetolesiiel= <tetetereiee/-(ereisiters Cerura. 
U8, Hindtibie with two pairs of spurs. 
a*, Thorax with an erect crest of hair. 
a®, Forewing with termen crenulate. 
as, Forewing with termen not irregular above vein 4. ........... Gangaridopsis. 
be, Forewing with termen irregular above vein 4................... Euhampsonia. 
b®. Forewing with termen not crenulate. 
as, ‘Palpi swithydrd > joint short, rice ni iomieree ie wisteicieiee oil Nerice. 
bs. Palpi with 3rd joint rather long. .............. Lophocosma. 
b4, Thorax without erect crest of hair. 
a>, Forewing with vein 10 stalked with 7,8 and9............ Uropyia. 
b°. Forewing with vein 10 from cell. 
as, Forewing with vein 6 from upper angle 
oficelliorsjustybelowprit. ssiate ctor eleia(e cjeteisisisjoveisterisiee sists Ttamesa. 
bs, Forewing with vein 6 from beyond upper angle of cell. 
a7. Forewing with vein 10 from areole or 
anastmosing with 8 and 9 in a point. 
a*, Palpi with Ist joint almost equal in length to 2nd. 
a®, Palpi with 3rd joint rather long. - . Fentonia. 
vb’, Palpi with 3rd joint short. .... Phalera. 
b%, Palpi with Ist joint much shorter 
thang Andean eiscioaceeeeeeee cele e Wilemanus. 
b7, Forewing with vein'10 anastmosing with the stalk 
of 8 and9 to a considerable distance. .... Brachionycoides. 
b, Hindwing with vein 5 absent. 
a1, Forewing with vein 5 absent............. poo Lonanods sapahoodosG Micromelalopha. 


b'. Forewing with vein 5 present. 


a?, Forewing with termen angled between veins 4 and 5. .......... Gonoclostera. 
b*. Forewing with termen evenly curved. 
as. > Forewing swith itermen smooth 7...,- c)s.-12 ss ercintsislo sss me ieieeisteleiele Melalopha. 
632) Horewinpy with) termen Crenulate! ccm cieise secceccicieensleceect Pygopteryx 


B. Forewing with tuft of scales on inner margin. 
a. Forewing without areole. 
a’, Forewing with a tuft of scales at middle of inner Margin 
andiat hind \angletins ais cisieusteters, cei dselnloiiajsteraleteteiereietee INES Aoi obateoctatoss Spatalia. 
bt, Forewing with a tuft of scales at middle of inner margin. 
a2. “Thorax, withya, high) erect «cresty.-sjsstrcisie dee siete cle cmeiieeciecee Allodonta. 
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b?. Thorax without high erect crest. 


a°, Forewing with vein 10 from before vein 7. 
a*. Hindtibiz with two pairs of spurs. ................... Lophontosia. 
b*. Hindtibie with one pair of spurs. ..................-2- Ptilophora. 


v3. Forewing with vein 10 from beyond 7. 


Gis, UGE WEA, capcoodescanscecude so0000 boos sadeEDocooddus Notodonta. 
b4, Eyes not hairy. 


G>se HOretarsiapnicklyAMaired a -leisicissieieis | ce isvsieicielcre c cxeln craters Pheosia. 
b®, Foretarsi not thickly haired. 
as, Forewing with inner margin much convexed. 
a7, Palpi woolly haired; forewing rather 
ShrontanGubroader - etcetcieleeiiecectiete =) - Yuzawuia. 
b7. Palpi not woolly haired; forewing 
pede alloy ste "ALO Dono UscODG DU POORDONGEOO CRC Lophodonta. 
bs, Forewing with inner margin slightly 
(COMER Sooogancsacsuncdanbe aosonbo noe Tans Ochrostigm2. 
b, Forewing with an areole. 
(fle. Ababyrs halla, Man Gases CHT aqoodacovoceqged GaodesyoogenoDbboT Lophopteryx. 
b1. Thorax without high erect crest. 
Gre LATO clon; lene cconcosoncactconsoes Soousseeasoonaesods Pterostom4. 
b2. Palpi normal. 
a3, Forewing with a tuft of scales at middle of inner margin 
and at hind angle, .............. -Cacoceoodettanoagesen .....-- Spatalia. 


b8, Forewing with a tuft of scales at middle of inner margin. 
a+, Forewing with vein 10 from before 7. 
4+, Forewing with vein 10 from beyond 7. 


SoSq Epa DOSOOnCe Leueodonta, 


2°. Forewing rather broad with termen more or less 
CREATING coanaaodadsoanddpougaoanEccusone serosuce Himeropteryx. 
63 Forewing long with termen not crenulate. ......... Hyperceschra. 


Genus Phalera Hubner (1816). 
Dinara Walker (1855). 
Anticyra Waiker (1855). 

Palpi short, porrect and thickly scaled, the 3rd joint short; antenne in 
male fasciculate or pectinate, in female ciliated or fasciculate?; proboscis 
present; eyes naked. Legs 
hairy, foretibize with the lobe not, 
reaching beyond the end, hind- 
tibie with two pairs of spurs. 


Text.-fig. 1. Foretibia of Phalera flavescens, &. x 23. Forewing elongate, without tuft 
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of seales on inner margin; vein 5 from middle or from above middle of 
discocellulars; 6, 7 and 8 stalked ; 9 and 10 stalked, 9 or 9 and 10 anastomosing 
with 7 and 8 to form an areole. Hinding with vein 5 from above middle of 
discocellulars ; 6 and 7 shortly stalked; 8 running close along upper margin 
of cell, sometimes touching it. 

Larvee cylindrical, without humps, hairy; 16 feet. Pupate under the 
eround. 

Pupx with the cremaster provided with several spines. 

Geographical distribution. Palearctic and Oriental. 
Sect. I. Antenne in male fasciculate. 


A. Palpi with 2nd joint slightly longer than Ist. 


1. Phalera assimilis. 


(Pl. XXII, fig. 3; Pl. XXIV, figs. 3, 4, 10; Pl. XXVIII, fig. 2; 
Pl. XXXII, fig. 5.) 


Pygera assimilis Bremer et Grey, Motschulsky, Etud. Ent. I. p. 30 (1852); 
Schmett. nord. China. p. 16 (1853); Kirpy, Cat. Lep. Het. p. 577 (1892) ; 
AtpHéraky, Rom. Mém. IX. p. 156, pl. 2. fig. 4 (1897); Leecu, Trans. 
Ent. Soe Lond. 1898, p. 300; STAUDINGER, Cat. Lep. pal. p. 112 (1901) ; 
GRrUNBERG, Seitz, Macrolep. II. p. 312, pl. 47e (1912); Nacano, Bull. 
Nawa Ent. Lab. I. p. 4. pl. 2. figs. 17-21, pl. 9. fig. 13, larva (1916). 

Phalera ningpoana Felder, Wien Ent. Mon. VI. p. 87 (1862). 

Local distribution. Tokyo, Gifu, Kaga, Kiushiu, Hokkaido, Corea. 


General distribution. Japan, Siberia, China, Corea. 


Time of appearance. June—August. 


Tn the male the apex of forewing is usually more acute than in the female. 


2. Phalera minor. 
Phalera minor Nagano, Bull. Nawa Ent. Lab. I. p. 7, pl. 2. figs. 1-5, pl. 9. 
fig. 22, larva (1916). 


Local distribution. Gifu, Okayama. 


Habitat. Japan. 


Time of appearance. August. 
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3. Phalera fuscescens. 


Phalera fuscescens Butler, Trans. Ent. Soe. Lond. 1881, p. 597; Lrrcu, 
Trans. Ent. Soc. Lond. 1898, p. 298; Nagano, Bull. Nawa Ent. Lab. 
I. p. 6, pl. 2. figs. 6-16, pl. 9. fig. 18, larva (1916). 

Phalera assimilis var? fuscescens Staudinger, Cat. Lep. pal. p. 112 (1901). 
Local distribution. Tokyo, Gifu, Kiushiu. 
Habitat. Japan. 
Time of appearance. August. 


B. Palpi with 2nd joint shorter than Ist. 


4. Phalera flavescens. 
(Pl, XXIV, fies. 1, 2; PL XXDX, fig. 3, Pl XXXT, 
fiz. 8; Text-fig. 1.) 

Phalera flavescens Bremer, Schmett. nord. China. p. 14 (1853) ; SraupIveEr, 
Rom. Mém. VI. p. 368 (1892); Cat. Lep. pal. p. 111 (1901); Leecu, 
Trans. Ent. Soc. Lond. 1898, p. 299; Grinpera, Seitz, Macrolep. II. p. 
312, pl. 47e (1912); Nacano, Bull. Nawa Ent. Lab. I. p. 8, pl. 2. figs. 
22-27, pl. 9. fig. 25, larva (1916). 

Trisura andreas Oberthir, Ftud. Ent. V. p. 38, pl. 5. fig. 4 (1880). 

Loeal distribution. Usuki (Kiushiu), Tokyo, Gifu, Hokkaido, Corea. 
General distribution. Japan, Corea, China, Siberia. 
Time of appearance. August. 


Sect. IT. Antenne of male pectinate. 


5. Phalera combusta. 


(PI. XXXIV, fig. 7.) 

Anticyra combusta Walker, Cat. V. p. 1092 (1855); Hampson, Moths Ind. 
I. 145 (1892); Lercu, Trans. Ent. Soc. Lond. 1898, p. 302; GRUNBERG, 
Seitz, Macrolep. If. p. 315, pl. 47e (1912). 

Dinara lineclata Walker, Cat. VII. p. 1700 (1855). 

Local distribution. Formosa. 
General distribution. Formosa, China, India, Phillipines, Africa. 


Time of appearance. April. 
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In one specimen examined by me vein 10 of forewing is not fully . 
developed. 


The following two species are unknown to me. 


“6. Phalera obscura. 


Phalera obsewra Wileman, Entom. 1910, p. 138. 
Loeal distribution. Kanshirei. 
Habitat. Formosa. 


Time of appearance. April. 


“7. Phalera flavimacaula. 


Phalera flavimacula Wileman, Entom. 1912, p. 259. 
Local distribution. Arizan. 
Habitat. Formosa. 


Time of appearance. Unknown. 


Genus Tarsolepis Butler (1872). 


Palpi porrect and hairy, 3rd joint long; antenne in male pectinate to 
beyond middle or “simple” (Grinberg) with a dense tuft at base; proboscis 
developed; eyes naked. Foretibim with the lobe extending almost to the 

end, hindtibiz with a 
ee pair of spurs. Abdomen 
long with a dense anal 
tuft of spatulate scales ; 

Text-fig. 2. Foretibia of Tarsolepis sommeri, B. x23. frst ebdominal scemeniion 

male with a tuft of long 
hair on each side. Forewing long with the apex acute; termen more or 
less crenulate; inner margin without tuft of seales; vein 5 from middle of 
discocellulars ; 6, 7 and 8 stalked; 9 and 10 also stalked, 9 anastomosing 
with 7 and 8 or 8 only to form a long narrow areole. Hindwing with vein 
5 from above middle of discocellulars; veins 6 and 7 stalked; 8 running 
close along upper margin of cell and comected with it by a short bar; traces 


of forked veinlets in the cell of both wings. 
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According to Hampson (Moths Ind. I. p. 127), vein 6 of the forewing 
of 7. sommeri arises from angle of cell, but in the japanese specimens of the 
same species it stalks with 7 and 8; in his figure of the venation of the 
forewing both veins 9 and 1O anastomose with 8 and a short areole is formed, 
while in the four japanese specimens examined by me vein 9 only anastomoses 
with 8, and vein 10 arises from the areole which is long and narrow. More 
over he has erroneously characterized the genus stating “hind femur with a 
tuft of long hair from near the extremity.” As shown in fig. Sb, pl. XI, the 
tuft is situated on the lateral side of the Ist abdominal segment of male. 


Geographical distribution. Paleearctic and Oriental. 


8. TLarsolepis sommeri. 


(Pl. XXII, fig. 14; Pl. XXVI, fig. 10; Pl. XXVIII, fig. 1; 
Pl. XXXI, fig. 9; Text-fig. 2.) 


Crino sommeri Hubner, Samml. Ex. Schmett. Noe. Gen. IV. figs. 1, 2 (1824 ?); 
Kirpy, Cat. Lep. Het. p. 616 (1892); Lrncu, Trans. Ent. Soc. Lond. 
1898. p. 297; Grunpera, Seitz, Macrolep. IT. p. 284, pl. 48h (1912). 

Tarsolepis remicauda Butler, A.M.N.H. (4) X. p. 125, pl. 8. 

Local distribution. Tokyo, Kyoto, Shinano, Kai, Kiushiu. 

General distribution. Japan, China, India, Borneo, Phillipines. 

Time of appearance. July. 

Hindtibize with only a pair of spurs and not two pairs as Granberg has 
stated. The costal margin of the forewing in female is more strongly arched 


than in male. 
*9. Tarsolepis japonica. 


Tarsolepis japonica Wileman et South, Entom. 1917, p. 29. 
Local distribution. Tokyo, Miyanoshita. 
Habitat. Japan. 


Time of appearance. July, August. 


*10. Tarsolepis taiwana. 


Tarsolepis taiwana Wileman, Entom. 1910, p. 138. 


Loeal distribution. Rantaizan. 
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Habitat. Formosa. 


Time of appearance. May. 


Genus Spatalia Hiibner (1816). 
Rosama Walker (1855). 


Palpi obliquely upturned, 3rd joint short and rounded or long and 
pointed; antenne in male pectinate or serrate and fasciculate; proboscis 
present ; eyes naked. Legs more or less smooth or hairy ; foretibize with the 
lobe extending to the end, hindtibize with two pairs of spurs. Abdomen in 

male usually long, with lateral tufts of 
pe hair and two terminal tufts well develop- 

ed. Forewing with inner margin more 

or less excised ; a large tuft of scales at 
Text-fig. 3. Foretibia of S. docrriesi, &. x 23. r : : 
middle of inner margin and at anal 
angle; vein 5 from middle of discoceilulars; 6 from just below upper angle 
of cell or stalked with 7 and 9; 9 and 10 stalked; 9 or 9 and 10 anastomosing 
with 8 or both 7 and 8 to form a long or short areole; the stalk of 9 and 
10 sometimes coincides with the stalk of 7 and 8 or of 6, 7 and 8 to form_ 
no areole. Hindwing with vein 5 from above middle of discocellulars ; 6 and 
7 stalked; 8 running close along upper margin of cell. 

Larva “slender, smooth and naked, with 16 feet, on abdominal segment 
1 a strong transverse swelling which bears a transverse row of 4 small 
tubercles, abdominal segment 8 likewise 2 obtuse tubercles” (GRUNBERG). 

Pupe “in a slight web, anal end with a few small hooks” (GRUNBERG). 

Geographical distribution. Palzearctic and Oriental. 

In the Fauna of British India, Moths. Vol. I, Hampson has stated veins 
“9 and 10 anastomosing with 8 to form the areole,’ while Sruter in his 
work, Schmetterling Europas. Band I, “ohne Anhangszelle.”? GRUNBERG 
seems to me to follow Hampson’s characterization. The result of my exami- 
nation on the genus Spctalia is as follows: ; 

1. Spatalia (Rosama) cinnamomea Leech. Forewing broad; the areole 
present, long and narrow; vein 7 from the areole; antenne pectinte to near 


the tip, the branches long and slender’; tibial spurs long. 
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2. Spatalia (Ptilodontis) ornata Oberthur. Almost similar to the preceding 
species. 

3. ?Spalalia (Ptilodontis) plusictis Oberthir, &. Forewing narrower ; 
the areole present, but very small or entirely absent; vein 7 anastomosing 
with the stalk of 7, 8 and 9, arising from beyond the areole, or it is stalked 
with 7, 8; 9 and 10 arising from before 10; antenne of male pectinate to 
about two-thirds, the branches short and stiff. 

4. Spatalia doerriesi Greeser, &. Forewing almost similar to the preced- 
ing; the areole entirely absent; vein 10 from beyond 7; antennz pectinate 
to two-thirds, the branches very short and stiff (about half the length of those 
of the preceding species and it may be said by some one to be serrate) ; 
tibial spurs somewhat shorter than in the three preceding species. 

5. Spatalia dives Oberthur, 6. Forewing almost like the preceding 
species, but somewhat broader ; the areole alzo entirely absent; vein 10 as in 
the preceding ; antennze not pectinate, but very minutely serrate and fasciculate. 

Speaking of the silvery spot which is one of the characteristics of the 
genus, the first two have nothing of it in the female or sometimes very feebly 
developed in ornata ; in the male of cinnamomea a golden yellow spot (instead 
of silvery) is present and in that of ornata a smaller silvery spot. Although 
I have no material to dispute of the female in the last three species, the male 
has more complicated silvery spot and the simplest of them seems to me to 
be plusiotis. The silvery spot of dives has very slightly golden lustre. 

The fact that in plusiotis the areole is present or absent shows that 
plusiotis stands between the first two (cinnamomea and ornata) and the last 
two species (doerriesi and dives), and in the lJength of the branches of the 
male antennre and in the arrangement of the silvery spot it also indicates 
the transition from the first two to the last two species. 

Sect. I. Antenne of male minutely serrate and fasciculate ; forewing with the 


areole entirely absent; palpi with 3rd joint rather broad and obtuse. 


1l. Spatalia dives. 


(Pl. XXII, fig. 20; Pl. XXIV, fig. 9; Pl. XXVIII, fig. 9; 
Pl. XXXIV, fig. 1.) 


Spatalia dives Oberthiir, Etud. Ent. X. p. 15, pl. 1. fig. 1 (1884) ; StavpINcER, 
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Cat. Lep. pal. p. 110 (1910); Wireman, Trans. Ent. Soc. Lond. 1911, 
p- 297; GRUNBERG, Seitz, Macrolep. I. p. 303, pl. 46f (1912). 

Spatalia Okamotonis Matsumura, Zoku-senchiu-zukai. I. p. 82, pl. 11. fig, 22 
(1909). 

Local distribution. Honshiu, Hokkaido. 
General distribution. Japan, Siberia. 
Time of appearance. July, August, 

Sect. I]. Antennze of male pectinate with the branches short and stiff; 
forewing with the areole present or absent; palpi with 3rd joint broad 
and obtuse. 

12. Spatalia doerriesi. 
(Pl. XXIV. figs. 8,12; Pl XX VIO. fie! 85 PE XXX: 
fig. 5; Text-fig. 3.) 

Spatalia doerriesi Grieser, Berl. ent. Zeit. 1888, p. 141; SrauprNcEr, Cat. Lep. 
pal. p. 109 (1901); Witeman, Trans. Ent. Soc. Lond. 1911, p. 297; 
GRUNBERG, Seitz, Macrolep. I. p. 308, pl. 46e (1912), 

Spatalia plusiotis (part) Staudinger (nee Oberthtr), Rom. Mém. VI. p. 359 
(1892). 

Local distribution. Nikko, Kamikochi, Matsuyama, Hokkaido. 
General distribution. Japan, Siberia. 


Time of appearance. July. 


“13. Spatalia jezoensis. 
Spatalia jecoensis Wileman, Entom. 1916, p. 133. 
Spatalia doerriesi (part) Wileman (nec Greser), Trans. Ent. Soe. Lond. 1911, 
p. 297. 
Local distribution. Hokkaido (Tobetsu). 
Habitat. Japan (Hokkaido). 


Time of appearance. July. 


14. ?Spatalia plasiotis. 
(PI. eX figs OTS PIS SXSXaDVs hoses 7) dos we ekexVIREL. fie Gis 
Pl. XXXIV, fig. 2.) 
Ptilodontis plusiotis Oberthir, Etud. Ent. V. p. 65, pl. 7. fig. 3 (1880); Kirey, 
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Cat. Lep. Het. p. 597 (1892); Lerrcn, Trans. Ent. Soe. Lond. 1898, p. 
315; SrauprincEr, Cat. Lep, pal. p. 109 (1901); Grinpere, Seitz, Macrolep. 
II. p. 303, pl. 46e (1912). * 
?Spatdia argentifera Matsumura (nec Walker), Zoku-senchiu-zukai. I. p. 80, 
pl. 11. fig. 18 (1909). 
Loeal distribution. Nikko, Oiwake, Shirahone, Yokohama, Corea. 
General distribution. Japan, Corea, Siberia. 
Time of appearance. July. 
The specimen figured in Pl. XXIII differs from OBErrntr’s figure, but 
I can not identify the specimen with other species. 
Sect. III. Antennze of male pectinate with the branches long ; forewing with 


the areole present; palpi with 3rd joint slender and acute. 


15. Spatalia ornata. 
(Pl. XXVUL, fig. 5; Pl. XXXH, fig. 4.) 


Ptilodontis ornata Oberthir, Etud. Ent. X. p. 15, pl. 2. fig. 5 (1884) ; 
STAUDINGER, Rom. Mém. VI. p. 362 (1892); Cat. Lep. pal. p. 110 (1901); 
Lrrcu, Trans. Ent. Soc. Lond, 1898, p. 315 ; GrunBrrG, Seitz, Macrolep. 
I. p. 304, pl. 46f (1912). 

? Rosama macrodonta Butler, Cist. Ent. III. p. 127 (1885). 

Local distribution. Shimoosa, Tokyo, Kaga, Yokohama, Shikoku, 

General distribution. Japan, China. 

Time of appearance. June, August. 

The silvery spot at the base of the vein 2 of the forewing is much reduced 
in size or entireiy absent in the female. 

Although I have not examined the types of both ornata and macrodonta I 
can not find any specific distinction between them according to their original 


descriptions. 


16. Spatalia cinnamomea. 


(Pl. XXIII, fig. 18; Pl. XXIV, figs. 6, 11; Pl. XXVIII, fig. 4; 
Pl. XXXII, fig. 3.) 


Rosama cinnamomea Weech, Proce. Zool. Soe. Lond. 1888, p. 637. pl. 31. 
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fig. 11; Trans. Ent. Soc. Lond. 1895, p. 315 ; GrUnpera, Seitz, Macrolep. 
II. p. 304, pl. 46d (1912). 

Local distribution. Tokyo, Kyote, Ohoyama, Usuki, Nagasaki. 

Habitat. Japan. 

Time of appearance. June, August. 

2. Darker than female, but the most remarkable distinction between sexes 


is the presence of a golden-yellow triangular spot at the base of vein 2 in @. 
Genus Cnethodonta Staudinger (1887). 


Palpi porrect or obliquely upturned, 3rd joint moderate and obtuse ; 
proboscis vestigial ; antenne in both sexes pectinate to the tip, the Lranches 
long in male, shorter in female; eyes naked. Legs hairy ; foretibia with the 

lobe extending to just before the end, 
hindtibise with only a pair of spurs. 
Forewing without tuft of scales on 


inner margin; vein 5 from about 


Text-fig. 4. Foretibia of C. grisescens, &. x 23. 3 ; 
4 middle of discocellulars ; 7, 8, 9 and 


10 stalked; no areole. Hindwing with veins 3 and 4 from lower angle of 
cell, which is much produced and pointed; 5 from above middle of dis- 
cocellulars ; 6 and 7 stalked; 8 running close along upper margin of cell and 
connected with it by a short bar at middle. 

Early stages nnknown. 


Geographical distribution. Palearctic. 


17. Cnethodonta grisescens. 


(GEL XSI fie. 13 i5 Pl. SEX VG ios is PL XEXOCHV Se ost 
Text-fig. 4.) 


Cnethodonta grisescens Staudinger, Rom. Mém. III. p. 214, pl. 12. fig. 11 
(1887) ; Cat. Lep. pal. p. 107 (1901); Lercu, Trans. Ent. Soc. Lond. 
1898, p. 805; Grtnperc, Seitz, Macrolep. I. p. 290, pl. 45b (1912). 

Dashychira acronycta Oberthir, Etud. Ent. V. p. 35, pl. 5. fig. 8 (1880). 
Local distribution. Tokyo, Kaga, Shinano, Hokkaido. 

General distribution. Japan, Siberia. 


Time of appearance. August. 


P 
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T have taken in Kaga several male specimens which are recognized as an 
aberrant from of this species. Iu these specimens the subterminal series of 
specks of the forewing is so indistinct as it is hardly traceable and the size 


of moths (Expanse 39 mm.) is much smaller than that of the typical form. 


Genus Stauropus Germer (1811). 


Palpi short, porrect and hairy, 3rd joint minute; proboscis vestigial ; 
antenne pectinate to two-third in male, ciliated in female, or pectinate in 
both sexes, or fasciculate in male, simple in female” (Hampson) ; eyes naked. 
Legs hairy; foretibize with the lobe reaching the end, hindtibizee with one or 


two pairs of spurs. Abdomen 


dnt react Yee hy with dorsal series of crests on 
- A 
rot ° 
with the subcostal nervure 


MESES Ol NEI Gs 185 ES eee ne hairy on underside; without 


tuft of scales on inner margin; vein 5 from middle of discocellulars ; 6 from 
upper angle of cell or stalked with 7, 8,9 and 10; no areole. Hindwing with 
vein 5 from middle of discocellulars ; 6 and 7 stalked; 8 running close along 
upper margin of cell and connected with it by a short bar at middle. 
Larve. Head large, body slender with terminal two segments large ; meso- 
and meta-thoracical legs as well as anal legs prolonged and slender; from 
4th to 9th segments each with a pair of dorsal processes; head and body 
provided with short hair. When they rest they raise up both the anterior 
and posterior portions of the body so as to give a striking appearance. They 
spin a rough cocoon between leaves. 
Pup “with pointed cremaster bearing two small bristles” (GRUNBERG). 
Geographical distribution. Palearctic and Oriental. 
Sect. I. Antenne in male pectinate, in female ciliated. 


A. Hindtibize with one pair of spurs. 


18. Stauropus fagi. 
(PI. XXVU, fiz. 8; Pl. XXXIIT, fic. 1; Text-fic. 5.) 
Noctua fagi Linneus, Syst. Nat. I. p. 508 (1758); Htyer, Bomb. pl. 8. 
fig. 31; Hampson, Moths Ind. I. p. 149 (1892); Lercu, Trans. Ent. Soc. 
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Lond. 1898, p. 306 ; SraupINGER, Cat. Lep. pal. p. LOT (1901) ; Grtxzere, 
Seitz, Macrolep. II. p. 289, pl. 44g (1912). 
Stauropus persimitis Butler, A M.N.H. (5) IV. p. 353 (1879). 
Loeal distribution. Tokyo, Oiwake, Yokohama, Hokkaido. 
General distribution. Japan, China, Siberia, Europe. 
Time of appearance. May, July, August. 


B. Hindtibize with two pairs of spurs. 


19. Stawropus basalis. 
(Pl. XXII, fig. 2; Pl. XXVIII, fig. 7; XXXVI, fig. 10; 
Pl. XXXII, fig. 2.) 

Stauropus basalis Moore, A.M.N.H. (4) XX. p. 90 (1877) ; Lexcn, Trans. Ent. 
Soe. Lond. 1898, p. 306; SraupmncEr, Cat. Lep. pal. p. 107 (1901); 
GRUNBERG, Seitz, Macrolep. I. p. 290, pl. 44g (1912). 

Harpyia taczanowskii Oberthir, Diagn. Lep. Askold. p. 11 (1879). 

Stauropus fagi Matsumura (nec Linneeus), Zoku-senchiu-zukai. I. p. 75, pl. 
11. fig. 10 (1909). 

Stauropus basalis ab. niphonica Grinberg, Seitz, Macrolep. II. p. 290, pl. 44g 
(1912). 

Local distribution. Tokyo, Kaga, Yokohama, Usuki, Hokkaido. 
General distribution. Japan, China, Siberia. 

Time of appearance. May, August. 

Larvee feed on Rubus parvifolius (according to Prof. Sasaxt). 


The following 5 species are unknown to me. 


“20. Stauropus viridipictus. 


Stauropus viridipicta Wileman, Entom. 1910. p. 312. 
Loeal distribution. Kanshirei. 
Habitat. Formosa. 


Time of appearance. May. 


“21. Stauropus nigribasalis. 


Stauropus nigribasalis Wileman, Entom. 1910, p. 289. 


Local. distribution. Rantaizan. 
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Habitat. Formosa. 


Time of appearance. May. 


“22. Stauropus pulverlentus. 


Slauropus pulverlentus Wileman, Entom. 1910, p. 289. 
Local distribution. Kanshirei. 
Habitat. Formosa. 


Time of appearance. April. 


“23. Stauropus confusus. 
Stauropus confusa Wileman, Entom. 1910, p. 389. 
Loeal distribution. Rantaizan. 
Habitat. Formosa. 


Time of appearance. May. 


*24. Stauropus obliteratus. 


Stauropus obliterata Wileman, Entom. 1917, p. 29. 
Local distribution. Oiwake. 
Habitat. Japan. 


Time of appearance. Unknown. 


Genus Hoplites’ Hubner (1516). 

Palpi short, porrect and hairy, first two joints broad, third small and 
obtuse ; antenne pectinate to two-thirds in both sexes ; proboscis vestigial ; eyes 
naked. Legs hairy; foretibie with the lobe extending to the end, hindtibize 

with a pair of spurs. Forewing 
elongate with termen strongly 
oblique and apex more or less 
acute ; without tuft of scales on 

Text-fig. 6. Foretibia of H. milhauseri, &. x 23. inner margin; vein 5 from 
middle of discocellulars; 6, 7, 8, 9 and 10 stalked; no areole. Hindwing 
with vein 5 from above middle of discocellulars; 6 and 7 stalked to before 


middle; 8 running close along upper margin of cell. 


1. Cerura Schrank (1802) has priority over Hoplites Hiibner (1816). 
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Larve (according to European authors) almost naked with 14 feet; anal 
segment posteriorly truncate; segments 4-9 humped above, the first process 
largest ; a large process on the 11th segment. They spin a compact cocoon 
attached to the trunk of the tree. 

Pupe “short and stout; a pointed tubercle on the vertex of head” 
(GRUNBERG). 


Geographical distribution. Palearctic. 


25. Hoplites milhauseri. 


(Bl XX, fies 73 Pl, SEX VE hes, Wil Ay Pl, XeXOVIL fies di 
Text-fig. 6.) 


Bombyx milhauseri Fabricius, Syst. Ent. p. 577 (1775) ; Kirsy, Cat. Lep. Het. 
p- 595 (1892); Lrxrcu, Trans. Ent. Soc. Lond. 1898, p. 309 ; SraupINGER, 
Cat. Lep. pal. p. 107 (1901); Grtnpera, Seitz, Macrolep. IT. p. 292, pl. 
45a (1912). 

Bombyx terrifica Borkhausen, Eur. Schmett. III, p, 387 (1790); Hubner, 
Bomb. pl. 8. figs. 32, 33. 

LTybocampa milhauseri var. umbrosa Staudinger, Rom. Mém. VI. p. 343 (1892). 
Local distribution. Tokyo, Ohoyama, Yokohama, Hokkaido. 

General distribution. Japan, China, Siberia, Europe. 


Time of appearance. May. 


Genus Microhoplitis n. gn. 


Palpi minute, porrect, fringed with long woolly hair, Ist joint longest, 
2nd and 38rd almost equal in length; proboscis vestigial; antenne in male 
pectinate almost to apex; eyes naked. Legs hairy; foretibie with the lobe 

extending to the end, hindtibie 

with a pair of spurs. Forewing 

A with the termen strongly oblique 

and without tuft of scales on inner 

Text-fig. 7. Foretibia of MZ. circumscripta, @. x 23. margin ; vein 5 from middle of 
discocellulars ; 6 from upper angle of cell; 7, 8, 9 and 10 stalked. Hindwing 


with vein 5 from above middle of discocellulars; 6 and 7 stalked to beyond 
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middle; 8 running close along upper margin of cell. Abdomen with anal tuft 
more or less developed. 

Early stages unknown. 

Type. J/. cireumseripta. 

Closely allied to the preceding genus Hoplites, but readily distinguishable 
from it by the longer stalk of veins 6 and 7 in hindwing. 


Geographical distribution. Palearctic. 


26. Microhoplitis circumseripta. 
(Pl. XXII, fig. 8; Pl. XXVII, fic. 15; Pl. XXXIV, fig. 6; 
Text-fig. 7.) 
Drymonia circumseripta Butler, Cist. Ent. III. p. 125 (1885); Lercu, Trans. 
Ent. Soc. Lond. 1898, p. 303; Marsumura, Zoku-senchiu-zukai. I. p. 81, 
pl. 11. fig. 25 (1909); Grunpera, Seitz, Macrolep. IT. p. 297 (1912). 
Loeal distribution. Kaga, Nikko, Hokkaido. 
Habitat. Japan. 


Time of appearance. August. 


Genus Urodonta Staudinger (1887). 


-alpi porrect, hardly reaching beyond the short sharp frontal tuft, 
moderately fringed with hair ; antennz in male pectinate to two-thirds, in female 
serrate and fasciculate or ciliated. Legs hairy ; foretibize with the lobe hardly’ 


reaching the end, hindtibize with 


i a ae, two pairs of spurs. Forewing with- 
a out tuft of scales on inner margin ; 
vein 5 from about middle of 

Text-fig. 8. Foretibia of U. viridimixta, &. x 23. Heeecililars +67) 8) 9 and’ 10 


stalked; no areole. Hindwing with vein 5 from just above middle of 


discocellulars ; 6 and 7 stalked; 8 running close along upper margin of cell. 
Larva (U. albimacula) “likewise resembles those of the species of 

Notodonta ; it is cylindrical and bears on the terminal segment a mall conical 

tubercle whose tip is divided into 2 slight small warts” (GRUNBERG). 
According to Grinperc, the palpi of the moths of this genus are 


moderately large ; to my examination, however, the female af U. viridimizxta 
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has the very minute palpi concealed beneath the hairs of the frons. The 
antenne of the female of the same species are biserrate to two-thirds and 
those of branicki ciliated, while Grinperc states ‘the antennze pectinate to 
3/4, the branches short in 9, longer in @.” 


Geographical distribution. Palearctic. 


27. Urodonta viridimixta. 


(PI XOxenT, hie. 16 IP XO Vee fio: 5c Pl eX, fies 10) 
Pl. XXXV, fic. 2; Text-fic. 8.) 


Miselia viridimiata Bremer, Lep. Ost-Sib. p. 52, pl. 5. fig. 12 (1864) ; 
SraupINGER, Rom. Mém. III. p. 219 (1887); Cat Lep. pal. p. 107 
(1901) ; Witemay, Trans. Ent. Soe. Lond. 1911, p. 287 ; Grtnperc, Seitz, 
Macrolep IL. p. 298, pl. 46c¢ (1912). 

Drymonia lichen Oberthir, Etud. Pint. V. p. 64, pl. 8. fig. 5 (1880). 

Local distribution. Shimoosa, Sapporo, Tobetsu, Junsai Numa. 
General distribution. Japan, Siberia. 


Time of appearance. April, July, August. 


28. Urodonta branichi. 


Uropus branicki Oberthir, Etud. Ent. V. p. 60, pl. 6. fig. 6 (1880) ; 
SraupINGER, Rom. Mém. VI. p. 346 (1892); Cat. Lep. pal. p. 107 
(1901); Witeman, Trans. Ent. Soc. Lond. 1911, p. 293; GruNBERG, 
Seitz, Macrolep. II. p. 293, pl. 46e (1912). 

Local distribution. Gifu, Tokyo, Junsai Numa. 

General distribution. Japan, Siberia. 

Time of appearance. April, July. 

Allied to the preceding species, but differs from it in the female antenn 


being ciliated instead of being biserrate. 


“29. Urodonta arcuata. 
Urodonta arcuata Alphéraky, Rom. Mém. IX. p. 154, pl. 11. fig. 9 (1897); 
Sraupincer, Cat. Lep. pal. p. 107 (1901); Witemay, Trans. Ent. Soc. 
Lond. 1911, p. 293; Grunperra, Seitz, Macrolep. IL. p. 293, pl. 49a (1912). 


A REVISION OF THE NOTODONTIDE OF JAPAN, COREA AND FORMOSA. 299 


Local distribution. Honshiu. 
General distribution. Japan, Siberia. 


Time of appearance. Unknown. 


Genus Lophocosma Staudinger (!887). 


Palpi obliquely upturned to the centre of frons, first two joints hairy, 
3rd rather long and somewhat pointed ; antennz in male pectinate to the tip, 
in female ciliated ; eyes hairy ; proboscis present. Thorax with a high erect 

crest. Legs hairy; foretibize 
Cs Pe tte with the lobe not reaching 
the end; hindtibiae with two 
pairs of spurs. Forewing 
ae REN SEGRE OS TEE CLUES eo) without tuft of scales on inner 
margin; vein 5 from middle of discocellulars; 6 from upper angle of cell; 
7, 8 and 9 stalked; 10 from cell and anastomosing with 7, 8 and 9 to form 
a short areole. Hindwing with vein 5 from above middle of discocellulars ; 
6 and 7 stalked ; 8 running close along upper margin of cell. 
Early stages unknown. 
Geographical distribution. Palzearctic. 


30. Lophocosma atriplaga. 
(Pl. XXT1, fig. 12; Pl. XXVIII, fig. 9-; Pl. XXVIII, fig. 11; 
Pl. XXXII, fig. 3; Text-fic. 9.) 
Notodonta (Lophocosma) atriplaga Staudinger, Rom. Mém. III. p. 220, pl. 
12. fig. 8 (1887); Cat. Lep. pal. p. 107 (1901) ; Krrpy, Cat. Lep. Het. p. 
606 (1892); Lercu, Trans. Ent. Soc. Lond. 1898, p- 311 ; Grunsere, 
Seitz, Macrolep. II. p. 294, pl. 46¢ (1912). 
Loeal. distribution. Tokyo, Hokkaido, Corea. 
General distribution. Japan, Corea, Siberia. 


Time of appearance. July. 


Genus Microphalera Butler (1885). 


Palpi short and porrect, three joints almost equal in length; proboscis 


feebly developed ; antenne in male pectinate to the tip; eyes naked. Legs 
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hairy ; foretibize with the lobe extending to three-fourths, hindtibiee with two 
pairs of spurs. Forwing with vein 
5 from middle of discocellulars ; 6 


from upper angle of cell or stalked 


= eae ’ with 7, 8, 9 and i0; no areole; 
- no tuft of scales on inner margin. 


Text-fig- 10. Foretibia of M. grisea, &. x 23. Hindwing with vein 5 from above 
middle of discocellulars which are oblique; 6 and 7 stalked; 8 running close 
along upper margin of cell. 

Early stages unknown. 


Geographical distribution. Palearctic. 


31. Microphalera grisea. 


(PID XX fies 12) PE XS VUE “he. 55 Pl, XXX fis oO); 
Pl. XXXIV, fig. 4; Text-fig. 10.) 


Microphalera grisea Butler, Cist. Ent. III. p. 120 (1885); Lrrcu, Trans. Ent. 
Soc. Lond. 1898, p. 310; SraupincER, Cat. Lep. pal. p. 109 (1901) ; 
GRUNBERG, Seitz, Macrolep. IT. p. 299 (1912). 

Loeal distribution. Tokyo, Kyoto, Hakodate. 
General distribution. Japan, Siberia. 


Time of appearance. June. 


Genus Lophopteryx Stephens (1828). 


Palpi porrect, first two joint thickly scaled, 3rd small and more or less 
pointed; proboscis vestigial; antennze in male serrate and fasciculate or 
shortly pectinate, in female dentate and ciliated; eyes slightly hairy. Thorax 

with a high erect crest. 

a Legs hairy; foretibiee with 

the lobe extending to about 

Text-fig. 11. Foretibia of LZ. capucint, & from Europe. x 23. three-fourths, hindtibise with 
two pairs of spurs. Forewing with termen slightly crenulate; a tuft of 
scales at middle of inner margin; vein 5 from middle of discocellulars; 6 


from upper angle of cell or just above it; 7, 8 and 9 stalked; 10 from cell 
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and anastomosing with 7, 8 and 9 or 8 and 9 to form an areole. Hindwing 
with vein 5 from just above middle of discocellulars; 6 and 7 stalked; 8 
running close along upper margin of cell. 

Larvee “cylindrical, with 16 feet, naked, only clothed with single long 
hairs or sparse tufts, on segment 8 of abdomen a single or double tubercle. 
When at rest the fore and hind parts are raised’ (Grunberg). 

Pup “with or without spines at the anal end” (GRUNBERG). 


Geographical distribution. Palearctic, Oriental and Nearetic. 


32. Lophopteryx capucina. 


(2b SOMBOL, sues PAILS 1b DOO, argh 1b) 5 1eb 0-0-0 5 airea als 
Pl. XXXVII, fig. 2; Text-fig. 11.) 


Bombyx capucina Linneus, Syst. Nat. I. p. 507, No. 55 (1758); Kirpy, Cat. 

Lep. Het. p. 605 (1892) ; Lrrcu, Trans. Ent. Soc. Lond. 1898, p. 312. 
Bombyx camelina Linnus, l.c. p. 507, No. 56. 
Lophopteryx camellina Matsumura (nec Lixnaus), Cat. Ins. Jap. I. p. 37 (1905). 
Bombyx girafina Hubner, Bomb. figs. 277, 278 (1800 ?). 

Local distribution. Nikko, Fujisan, Oiwake, Shirouma-dake, Kaga, Hako- 
date, Shikoku, Corea. 

General distribution. Japan, Corea, Siberia, Europe. 

Time of appearance. June. 

The Japanese specimens may possibly be referrable to the form giragfina. 


33. Lophopteryx saturata. 
(Pl. XXIII, fig. 22.) 

Lophopteryx saturata Walker, Cat. XXXII. p. 415 (1865); Butler, I. Het. 
Brit. Mus. VI. p. 25. pl. 107. fig. 1 (1886); Hampson, Moths Ind. I. 
p- 166 (1892) ; SrauprncEr, Cat. Lep. pal. p. 110 (1901) ; Wien, Trans. 
Ent. Soc. Lond. 1911. p. 295; Grtnpera, Seitz, Macrolep. UH. p. 307, 
pl. 46h (1912). 

Lophopteryx saturata var. hegei Greser, Berl. ent. Zeit. 1885, p. 141. 
Local distribution. Karuizawa, Junsai Numa, Tobetsu, Hakodate, Sapporo. 


General distribution. Japan, India, Siberia. 
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Time of appearance. July, Augugt, September. 


The form found in Japan may possibly be referrable to hogei. 


34. Lophopteryx ladislai. 
(Pl. XXV, fig. 5; Pl. XXX, fic. 2; Pl. XXXVI, fic. 8.) 
Lophopteryx ladislai Oberthwry, Etud. Ent. V. p. 66, pl. 2. fig. 3 (1880) ; 
Lercu, Trans. Ent. Soc. Lond. 1898, p. 313; SraupinceEr, Cat. Lep. pal. 
p- 110 (1901); GrunpeErc, Seitz, Macrolep. H. p. 307, pl. 46h (1912). 
Local distribution. Yokohama, Oiwake, Tokyo ?, Hokkaido. 
General distribution. Japan, Siberia. 


Time of appearance. August. 


y= 


30. Lophopteryx admirabdilis. 
(PL SEXY, fie? 65 PL. ORIEL fies 9/; PIS UXSRIG fie 82) 

Lophopteryx admivabilis Staudinger, Rom. Mém. III. p. 224, pl. 12. fig. 9 

(1887); Cat. Lep. pal. p. 110 (1901); Wileman, Trans. Ent. Soc. Lond. 

1911, p. 296; Grinberg, Seitz, Macrolep. I. p. 307, pl. 46h (1912). 

Local distribution. Nikko, Tobetsu. 

General distribution. Japan, Siberia. 

Time of appearance. August. 


Antenne in male shortly pectinate and the palpi with Ist joint rather long. 


36. Lophopteryx velutina. 


Drymonia velutina Oberthir, Etud. Ent. V. p. 64, pl. 8. fig. 2 (1880); 
Staupincer, Cat. Lep. pal. p. 110 (1901); Witemay, Trans. Ent. Soe. 
Lond. 1911, p. 296 ; Grinpera, Seitz, Macrolep. I. p. 307, pl. 46h (1912). 
Local distribution. Tobetsu, Hakodate, Nikko. 

General distribution. Japan, Siberia. 


Time of appearance. June. 


Genus Lophontosia Staudinger (1892). 


Palpi porrect or oblique extending to beyond frons, thickly scaled, 3rd 


joint moderate and obtuse; proboscis feebly developed; antenne in male 
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pectinate to the tip, in female dentate and ciliated; eyes naked. Legs hairy ; 

foretibize with the lobe extending to 

a just before the end, hindtibise with two 

pairs of spurs. Forewing with termen 

TE ap anon ore erly os slightly crenulate; a tuft of scales on 

inner margin; vein 5 from above middle 

ot discocellulars; 6 from close upper angle of cell; 7, 8, 9 and 10 stalked, 

8 and 9 very short; no areole. Hindwing with vein 5 from above middle of 

discocellulars ; 6 and 7 stalked; 8 running close along upper margin of cell. 

Early stages unknown. : 

Geographical distribution, Palearctic. 

Closely allied to Odontosia and Lophopterya, but readily distinguishable 


from them by the absence of the areole. 


37. Lophontosia cuculus. 
(Pl. XXII, fig. 20.) 


Odontosia cuculus Staudinger, Rom. Mém. II. p. 226, pl. 17. fig. 5 (1887) ; 
Cat. Lep. pal. p. 110 (1901); Witeman, Trans. Ent. Soc. Lond. 1911 p. 
294; Gronperc, Seitz. Macrolep. II. p. 306, pl. 46d, pl. 49b (1912). 
Local distribution. Tobetsu, Shinano. 

General distribution. Japan, Siberia. 

Time of appearance. August. 

WILEMAN considers that this species may be identical with the following 
species L. pryeri, and I was also of the same opinion. At present, however, 
I consider that both are the distinct species. In euculus the forewing of ¢ 
has a larger and more distinct white spot on the inner margin beyond the 
middle, and the antennew of the male has the shorter branches. In pryeri 
the white spot on the inner margin of the forewing of @ is smaller and less 


distinct, and the antennz of the male has the longer branches. 
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38. Lophontosia pryeri. 


(PI. XX, fig. 19; Pl. XXVU, fig. 16; Pl. XXXII, fic. 6;- 
Text-fig. 12.) 


Lophopteryx pryeri Butler, A. M. N. H. (15) IV. p. 355 (1879); Lexrcu, Trans. 
Ent. Soc. Lond. 1898, p. 313; Grunperc, Seitz, Macrolep. II. p. 307 
(1912). 

Local distribution. Tokyo, Yokohama, Oiwake, Nachi, Hokkaido. 
Habitat. Japan. 


Time of appearance. July. 


Genus Allodonta Staudinger (1887). 


Palpi obliquely porrect, first two joints thickly scaled, 3rd moderate and 
rather obtuse; proboscis present; antennz in male pectinate to two-thirds ; 
eyes naked. Thorax with a tuft of scales. Legs hairy; foretibisee with the 

lobe extending to four-fifths, 


hindtibiz with two pairs of 


ae spurs. Forewing with a tuft of 
scales on inner margin; vein 5 


Text-fig. 13. Foretibia of A. lewcodera, &. x 23. from middle of discocellulars ; 6 


from upper angle of cell or shortly stalked with 7, 8, 9 and 10; no areole. 
Hindwing with veins 3 and 4 from lower angle of cell; 5 from above middle 
of diseocellulars ; 6 and 7 stalked; 8 running close along upper margin of cell. 

Early stages unknown. 

Geographical distribution. Palearctic. 

Resembles in the general appearance to the genus Hypereschra, but 


readily distinguished from it by the venation and the palpi. 


39. Allodonta leucodera. 
(Pl: XXIM, fies 13; Pl. XXV, fie. 75 Pl) MXR ie. A; 
Pl. XXXV, fig. 3; Pl. XXXIX, fig. 8; Text-fig. 13.) 


Allodonta leucodera Staudinger, Rom. Mém. VI. p. 357 (1892); Cat. Lep. pal. 
p- 109 (1901); Grinpera, Seitz, Macrolep. II. p. 303, pl. 46b (1912). 
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Hypereschra collaris Swinhoe, A.M.N.H. XIV. p. 132 (1904). 
Local distribution. Nikko, Yamato, Junsai Numa, Hakodate. 
General distribution. Japan, India, Siberia. 


Time of appearance. May, June, July, September. 


*40. Allodonta gigantea. 


Peridea gigantea Butler, A.M.N.H. (4) XX. p.474 (1877) ; Ill. Het. B.M. 
II. p. 12, pl. 24. fig. 6 (1878); Kirpy, Cat. Lep. Het. p. 600 (1892) ; 
Lerecu, Trans. Ent. Soc. Lond. 1898, p. 311; Witeman, Trans. Ent. Soc. 
Lond. 1911, p. 290; Grunpera, Seitz, Macrolep. IT. p. 302, pl. 46b7(1912). 

? Allodonta plebeja Oberthur, Etud. Ent. V. p. 65, pl. 8. fig. 7 (1880). 

Local distribution. Yoshino, Nikko, Tokyo, Tobetsu, Shiokubi. 

General distribution. Japan, Siberia ? 

Time of appearance. June, August. 

WILEMAN considers that Allodonta plebeja is identical with Peridea 
gigantea Butl., but Oprrrutr’s figure of plebeja differs greatly from Burrer’s 


figure of gigantea. 


Genus Yazawaia n. gn. 


Palpi porrect and woolly haired, 3rd joint small; proboseis present ; 
antenne in male dentate and fasciculate, in female ciliated; eyes naked. 
Legs hairy ; poretibiee with the lobe extending to about two-thirds, hindtibiz 


with two pairs of spurs. Forewing 


rather broad, with the costa slightly 

arched ; inner margin with a tuft and 

TELA. Aig Tel Ronetibiav oBetr, glponians 2S eA strongly excised beyond middle; vein 

5 from just above middle of .dis- 

cocellulars ; 6 from upper angle of cell or stalked with 7, 8, 9 and 10; no 

areole. Hindwing with vein 5 from above middle of discocellulars; 6 and 7 

stalked; 8 running close along upper margin of cell and connected with it 
by a short bar. 


Early stages unknown. 


Type. Y. japonica. 
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Allied to Ochrostigma, but distinguished from it by the costa of forewing 
being arched and the inner margin of the forewing being strongly excised 


beyond middle. 


41. Yazawaia japonica nu. sp. 
(Pl. XXIII, fig. 14; XXV, figs. 4, 8; Pl. XXIX, fig. 2; 
Pl. XXXYV, fig. 4; Text-fig. 14.) 


Palpi, head and thorax blackish brown, tegulee mixed with whitish ; 
abdomen brownish grey. Forewing purplish black with a pale ochreous or 
red-brown patch at apex, anal angle and base below cell; a double antemedial 
waved blackish line, filled in with red-brown, strongly curyed outwards in 
cell, the inner line indistinct ; a blackish streak on discocellulars defined by 
red-brown ; a double postmedial dentate line outwardly curved between veins 
4 and 6, the inner line black and the outer red-brown ; tuft of scales on inner 
margin red-brown; a subterminal series of red-brown specks indistinct; two 
longitudinal black streaks on the basal patch; terminal line black; cilia 
blackish brown with a whitish spot at end of vein. Hindwing fuscous grey, 
with an indistinct dentate diffused dark postmedial line ; terminal line blackish ; 
cilia fuscous with a pale line at base. Underside fuscous grey, with traces 
of postmedial line on both wings; forewing with the one-third of costa 
towards apex tinged with ochreous. 

Expanse. @ 41 mm., 2? 42 mm. 

Type. A male specimen taken by Yazawa on Mt. Shirouma, Shinano, 
August 5th, 1916. 

T have seen a female specimen taken by 'TaxENoucHI on Mt. Yatsugatake, 
Shinano, August 20th 1915. 


Allied to Hypercschra tenebrosa and Allodonta leucodera. 


Genus Cerura’ Schrank (1802). 
. Dicranura Boisduval (1829). 
Palpi slight, porrect and woolly haird, 3rd joint slightly longer than 2nd ; 
proboscis vestigial ; antenne pectinate to the tip in both sexes, the branches 


1. As the type species of Cerura is C. milhauseri the generic name Dicranura should be adopted. 
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long in male, short in female; eyes naked. Body and legs woolly haired ; 
foretibiz with the lobe very long, reaching far beyond the end; _hindtibiz 


with «a pair of short terminal spurs. Forewing without tuft of seales on inner 


Text-fig. 15. Foretibia of C. vinula &. x 23. 


~ 


margin; vein 5 from middle of discocellulars or from just below upper angle 
of cell; 6, 7, 8 and 9 stalked; 10 from cell and anastomosing with the stalk 
of 7, 8 and 9 to form a small areole. Hindwing with vein 5 from middle of 
discocellulars ; 6 and 7 stalked; 8 running close along upper margin of cell. 

Larve smooth and naked, 3rd segment slightly humped above; anal legs 
prolonged into long slender processes, in which slender reddish filaments are 
concealed. Cocoon very hard formed on twigs. 

Pup with apex pointed, anal end rounded. 

Geographical distribution. Palearctic, Oriental and Nearetic. 

Hampson, STANDINGER, Matsumura and GRUNBERG separates the genus 
Dicranura from this genus, while Kirpy, SpuLER as well as PAcKARD are 
contrary to it. I can not find any difference sufficient to separate the genus 
into two, both in imaginal and larval stages, except the length of the stalk 
of veins 6 and 7 in kindwing and the wing-markings. 


Sect. I. Hindwing with veius 6 and 7 stalked to near ends them. 


42. Cerura lanigera. 
(Pl. XXXIV. fig. 8.) 

Cerura lanigera Butler, A.M.N.H. (4) XX. p. 474 (1877); Ill. Het. B.M. III. 
p- 10, pl. 43. fig. 11 (1879); Lercu, Trans. Ent. Soc. Lond. 1898, p. 
307; Srauprncer, Cat. Lep. pal. p. 105 (1901); Griimberg, Seitz, 
Macrolep. II. p. 286, pl. 44b (1912). 
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Cerura furcula (part) Leech, (nec Churck) P.Z.S. 1888, p. 644. 

Cerura bicuspis japonica Grinberg, Seitz, Macrolep. II. p. 286, pl. 44c¢ (1912). 
Local distribution. Tokyo, Kaga, Gifu; Yokohama, Shikoku, Corea. 
General distribution. Japan, Corea, Siberia. 


Time of appearance. May, June, August. 


“43. Cerura bifida. 


Bombyx bifida Hibner, Bomb. pl. 10. fig. 38 (1800?) ; SrauprncEr, Cat. Lep’ 
pal. p. 106 (1901) ; GrunBErG, Seitz, Macrolep. II. p. 287, pl. 44c (1912). 
Local distribution, Hokkaido, Shikoku ? 

General distribution. Japan, Asia Minor, America, Persia, Altai, Europe 
Matsumura has given Honshiu as the home of the species, while no body 


has taken it in the same locality. 


44. Cerura furcula. 


Bombyx furcula Clerck, Icones. pl. 9. fig. 9 (1759); Lixnxus, Faun. Suec. p. 
298 (1761); Hipner, Bomb. fig. 39 (1800 ?); Lec, Trans. Ent. Soe. 
Lond. 1898, p. 307; Sravuprncer, Cat Lep. pal. p. 106 (1901); Grtn- 
BERG, Seitz, Macrolep. II. p. 286, pl. 44¢ (1912). 

Cerura sangaica Moore, A.M.N.H. (4) XX. p. 90 (1877). 

Local distribution. Corea (Gensan). 
General distribution. Corea, China, Siberia, Asia Minor, Europe. 


Sect. IL (Dicranura). Hindwing with veins 6 and 7 stalked rather shortly. 


“45, Cerura liturata. 


Cerura liturata Walker, Cat. V. p. 988 (1855); Butler, Ill. Het. B. M. VI. 
p- 19, pl. 106. fig. 7 (1880); Hampson, Moths Ind. I. p. 155 (1892). 
Local distribution. Formosa. 


General distribution. Formosa, China, India. 


46. Cerura erminea. 
(Pl. XXII, fig. 13.) 
Bombyx erminea Esper, Schmett. III. p. 100, pi. 19. figs. 1, 2 (1784); 
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Husyer, Bomb. fig. 35; Krrey, Cat. Lep. Het. p. 588 (1892); Lrncu, 
Trans. Ent. Soc. Lond. 1898. p. 508; Sraupincrer, Cat. Lep. pal. p. 
106 (1901); GrunBERG, 
Seitz, Macrolep. II. p. 287, pl. 44d (1912). 

Cerura menciana Moore, A.M.N.H. (4) XX. p. 89 (1877). 

Dicranura erminea var. menciana STANDINGER, Cat Lep. pal. pal. p. 106 (1901). 
Local distribution. Suigen, (Corea). « 
General distribution. Corea, China, Siberia, Europe. 
Time of appearance. August. 


I have received a pair of this species from . Ivo. 


47. Cerura vinula. 
(Pl. XXIX. fig. 8; XXXIV. fig. 7; Text-fig. 15.) 


Bombyx vinula Linnaeus, Syst. Nat. I. p. 499 (1758); Htpner, Bomb. pl. 9. 
fe. 34, Kirpy, Cat. Lep. Het. p. 588 (1892); Hampson, Moths Ind. 

I. p. 157 (1892) ; Luecu, Trans. Ent.:Soc. Lond. 1898, p. 308 ; SraupIN- 

GER, Cat. Lep. pal. p. 106 (1901); Grunperc, Seitz, Macrolep. II. p. 

288, pl. 44b (1912). 

Dicranura felina Butler, A.M.N.H. (4) XX. p. 474 (1877). 
Dicranura vinula var. felina Staudinger, Cat. Lep. pal. p. 107 (1901). 
Dicranura askolda Oberthur, Etud. Ent. V. p. 59, pl. 8. fig. 8 (1880). 

Loeal distribution. Tokyo, Hokkaido, Formosa, Corea. 

General distribution. Japan, Corea, Formosa, Siberia Europe. 

Time of appearance. April, May, July. 

Ege flat, oval, pal red-brownreticulated with darker, a black spot at 
apex. Diametre 1.5 mm. 

Larve. 1st stage. Head black, body dark grey-brown; first segment bears 
two black short processes with several small spines; suranai plate black ; 
dorsal line dark, but indistinct; each segment sparsely bears short hair. 
Length of body 6mm.; of anal process 3 mm. 

2nd stage. Body yellowish green; head, processes on Ist segment and 
suranal plate black; Ist, 2nd and 3rd segments grey-brown above, with a 


dorsal line of yellowish green excepting the 8rd segment; from 4th to terminal 
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segments dark grey-brown above, with a darker dorsal line; subdorsal line 
only distinct on 1st three segments; supraspiracular and spiracular lines 
purplish brown and interrupted ; a feeble subspiracular line sometimes present ; 
anal processes purplish black with an yellowish brown ring beyond middle ; 
dark grey-brown marking on the dorsum narrow on segments 3rd, 4th and 
10th. Length of body 9mm. ; of anal process 6 mm. 

8rd stage. Yellowish green; stigmata and dorsal line distinct ; subdorsal, 
spiracular, supra- and sub-spiracular lines disappear; dorsal band blackish 
brown, narrowest on 3rd, broadest on 7th segment; there is a dark line on 
the dorsal band, but indistinct excepting the Ist and 3rd segments, on which 
the line is represented by the ground colour; anal processes purplish black 
with a brown ring. Length of body 24 mm.; of anal process 7 mm. 

4th stage. Yellowish green; dorsal band purplish brown reticulated with 
black, edged on both sides with black and yellow; a red ring around head 
distinct. Length of body 32 mm.; of anal process 8 mm. 

5th stage. Head brown, laterally blackish brown; dorsal band white 
reticulated with blue, edged on both sides with dark purplish and white 
dorsal hump on 3rd segment very small and purple ; processes on 1st segment 
disappear, leaving only a trace tinged with brown; anal processes pale blue 
with black spines. Shortly before their pupation the dorsal band becomes 
reddish brown. Length of body 45mm, ; of anal process 10 mm. 

Larvee spin a very hard brownish cocoon on branch or trunk of a tree, 
on which they feed, 

Pup with vertex somewhat pointed ; anal end bears short spines ; body 
brownish black; head purplish black. Length 24 mm. 


Food plants. Salix babylonica, Populits ete. 


Genus Macrurocampa Dyar (1893). 
?Disparia Nagano (1916). 


Palpi short and porrect, third joint small or moderate and rather obtuse 
or rounded ; proboscis feebly developed ; antennx in male pectinate to beyond 
middle or serrate and fasciculate, in female ciliated; eyes naked sometimes 


overhung by cilia. Head and thorax thickly haired with a tuft of rough hair 
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on the vertex. Legs hairy; foretibiae with the lobe extending to or just 
before the end, hindtibize with 
two pairs of spurs. Forewing 
without tuft of scales on inner 
margin; vein 5 from middle or 
from above middle of discocellu- 
lars; 6, 7, 8, 9 and 10 stalked ; 


11 free; no areole. Hindwing with vein 5 from above middle of discocellulars ; 


Text-fig. 16. Foretibia of M. sigmatu &. x 23. 


6 and 7 stalked; 8 running close along upper margin of cell. 

The early stages of the Japanese species of the genus are unknown to 
me excepting those of Macrurocampa variegata which differ from those of J. 
marthesia. 

Geographical distribution. Palearctic, Oriental, Nearctic, Neotropical. 


Sect. I. Antennze in male serrate and fasciculate. 


48. Macrurocampa sigmata. 


(Pl, XXII, fig. 6; Pl. XXVI, fig. 3; Pl. XXXTMig. 7; 
Pl. XXXV, fig. 6; Text-fig. 24.) 

Phalera sigmata Butler, A.M.N.H. (4) XX. p. 473 (1877) ; Ill. Het. B.M. I. p. 
11, pl. 24. fig. 9 (1878); Lencu, Trans. Ent. Soc. Lond. 1898, p. 299 ; 
GrRUNBERG, Seitz, Macrolep. II. p. 313, pl. 472 (1912). 

Cnethodonta (Somera) pryeri Matsumura (nee Leech), Zoku-senchiu-zukai. I. p. 
54, pl. 9. fig. 8 (1909). 

Local distribution. Usuki, Tokyo, Hakone, Yokohama, Hakodate. 
General distribution. Japan, China. 


Time of appearance. June, July. 


49. Macrurocampa delia. 
(Pl. XXXIX, fig. 4.) 
Drymonia delia Leech. P.Z.S8. 1888, p. 640, pl. 32 fig. 3; Trans. Ent Soe. 


Lond. 1898, p. 303 ; Grinpera, Seitz, Macrolep. IT. p. 297, pl. 45d (1912). 
Local distribution. Tokyo, Oiwake, Kaga. 
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Habitat. Japan. 
Time of appearance. August. 


Sect. II. Antenne in male pectinate. 


50. Macrurocampa niphonica. 


Fentonia niphonica Wileman, Trans. Ent. Soe. Lond. 1911, p. 286. pl. 30. 
fig. 5; GrunperG, Seitz, Macrolep. TI. p. 292 (1912). 

Drymonia eximia Grinberg, Seitz, Macrolep. II. p. 297, pl. 45d (1912). 
Loeal distribution. Nikko, Yoshino. 
Habitat. Japan. 


Time of appearance. August. 


51. Macrurocampa variegata. 


(PI. XX VI, fig. 6; Pl XX VE, fe. 45 Ply KX fis. 8; 
Pl. XXXVI, fie.- 3.) 

Fentonia variegata Wileman, Entom. 1910, p. 290. 

Fentonia sordita Wileman, Trans. Ent. Soc. Lond. 1911, p. 286, pl. 30. fig. 8 ; 
GRUNBERG, Seitz, Macrolep. IL. p. 292 (1912); Nacano,’Bull. Nawa: Ent. 
Lab. I. p. 3. pl. 1. figs. 14-26; pl. 9. fig. 17 larva (1916). 

Fentonia variegata ab. formosana Wileman, Entom. 1910, p. 290. 

Loeal distribution. Kyoto, Gifu, Nachi, Yoshino, Usuki, Kanshirei. 
General distribution. Japan, Formosa. 


Time of appearance. May, June, July, August. 


“52. Macrurocampa nigrofasciata. 


Fentonia nigrofasciata Wileman, Entom. 1910, p. 290. 
Local distribution. Avrizan. 
Habitat. Formosa. 


Time of appearance. August. 


Genus Uropyia Staudinger (1892). 


Palpi slight, 2nd joint shorter than 1st, 3rd small ; antennze in male pectinate 


to beyond middle, in female “setiform with very short teeth” (GRUNBERG) ; 
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proboscis vestigial ; eyes naked., Head and thorax densely haired; abdomen 


long. Legs hairy; foretibizee with the lobe extending to the end, hindtibice 


Text-fig. 18. Foretibia of U. meticulodina, &.x 23. 


with two pairs of spurs. Forewing 


elongate, with the apex acute; 
7 termen slightly dentate; vein 5 

WEARS Tidy NOES Gis UE ie relSeeha hy Gere from middle of discocellulars; 6 
from upper angle of cell or shortly stalked with 7, 8, 9 and 10; 10 connected 
with the stalk of 8 and 9 to form a small areole by a short bar at the point, 
where vein 7 arises. Hindwing with vein 5 from just below middle of 
discocellulars ; 6 and 7 stalked; 8 running close along upper margin of cell. 

Larvee “with oval head, which is deeply incised above in heart-shape, 
the incision being much deeper than in Hoplitis, the body increasing in size 
to segment 9, the last two segments again thinner,’on segment 11 a wart-like 
tubercle ; anal fork similar to that of Dicranura (Cerura), but much shorter” 
(GRUNBERG). 

53. Uropyia meticulodina. 
(Pl. XXII, fig. 5; Pl. XXXII, fig. 2; Text-figs. 17, 18.) 

Notodonta meticulodina Oberthiv, Etud. Ent. X. p. 16, pl. 1. fig. 3 (1884) ; 

Kirpy, Cat. Lep. Het. p. 606 (1892); Srauprncrr, Rom. Mém. VI. p. 

344, pl. 4. fig. 8, larva (1892); Cat. Lep. pal. p. 107 (1901); Lexrcs, 

Trans. Ent. Soe. Lond. 1898, p. 305; Grtnpere, Seitz, Macrolep. IT. p. 

293, pl. 45a (1912). 

Loeal distribution. Kaga, Hokkaido. 

General distribution. Japan, Siberia. 


Time of appearance. August. 


Genus Fentonia Butler (1881). 


Palpi upturned to the centre of frons or porrect, 3rd joint moderate and 
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truncate at the tip; proboscis present ; antenne in male pectinate to middle, 


Text-fig. 19. Foretibia of F. ocypete, &. x 23. 


in female setiform; eyes naked. 
Abdomen long in male. Legs hairy ; 
foretibize with the lobe extending to 
the end, hindtibiee with two pairs of 


spurs. Forewing elongate, without 


tuft of scales on inner margin; vein 5 from above middle of discocellulars ; 


Text-fig. 20. Tupa of F. ocypete. a. cremaster. 


a 


6, 7 and 8 stalked; 9 and 10 stalked, 
9 anastomosing with 8 to form a 
long areole. Hindwing with vein 
5 from above middle of discocellul- 
ars; 6 and 7 stalked; 8 running 
close along uppar margin of cell. 

Larve with 16 feet, smooth, 
slightly humped on 8th segment, 
and taper porteriorly. Spin a rough 
cocoon under ground. 

Pape with vertex rounded ; 


cremaster bifureate and dentate. 


54. Fentonia ocypete. 


(Pl. XXII, figs. 8, 27, 28, 29; Pl. XXVIL, fig. 2; Pl. XXIX, fig. 3; 
Pl. XXXII, fig. 7; Text-figs. 19, 20.) 


Harpyia ocypete Bremer, Bull. Acad. Petersb. 1861, p. 481; Lep. Ost-Sib. 
p. 44, pl. 5. fig. 1 (1864); OprertHir, Etud. Ent. V. p. 60, pl. 8. fig. 
6 (1880) ; Hampson, Moths Ind. I. p. 148 (1892); Kirpy, Cat. Lep. Het. p. 
562 (1892); SrauprycEr, Rom. Mém. VI. p. 343 (1892) ; Cat. Lep. pal. p- 
107 (1901); Lrrcu, Trans. Ent. Soc. Lond. 1898, p. 304 ; GrUNBERG, Seitz,. 


Macrolep. II. p. 291, pl. 45b (1912). 


Fentonia levis Butler, Trans. Ent. Soe. Lond. 1881, p. 20. 
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Loeal distribution. Usuki, Yamato, Yokohama, Oiwake. 

General distribution. Japan, China, Siberia, India. 

Time of appearance. June, July, August. 

Larve (full grown) naked, smooth more or less humped above on 
segments 8th and 11th, and tapering posteriorly. Head milky white with 
several longitudinal black and purplish lines; first three segments greyish 
yellow with a white dorsal line which is edged with purplish black and 
yellow ; the following segments with many irregular black and reddish lines ; 
segments 6th-Sth and 10th-12th darker above, an elliptical yellow spot on 
7th segment and two quadrate yellow spots transversely on each segment, 9th 
and 10th. Length 40 mm. 

Pup dark reddish purple with the head black; body dotted with small 
punctures. Length 24 mm. 

Hrrayama took a larva, August 21st, 1915, which soon pupated and 
emerged, September 10th, 1915. He also took a nearly full grown larva 
October 28th, 1915. According to his observation, the species passes yearly 
two generations. 


Food plants. Quercus. 


Genus Nerice Walker (1855). 


Palpi obliquely upturned, 3rd small and rather pointed ; antenne pectinate 
to the tip in both sexes ; proboscis feeble. Thorax with a high erect crest of hair. 
Legs hairy ; foretibiae with the lobe extending to five-sixths, hindtibie with 
two pairs of spurs. Forewing with vein 5 from middle of discocellulars; 6, 
7, 8 and 9 stalked; 10 from cell and anastomosing with the stalk of 8 and 
9 to form an areole. Hindwing with vein 5 from middle of discocellulars ; 
6 and 7 stalked; 8 running close along upper margin of cell. 

Larya «differs from any other genus of the family, in the abdominal 
segments 1-8 having each a “large anteriorly directed prominence ending in 
a bifid ridge, the incision being transverse, the anterior portion being curved 
backwards and larger than the posterior part, the two looking very much 
like the bill of an eagle, susceptible of being opened and closed” (MArLATT). 
Pupa. Body rather stout, somewhat pointed at the end, which bears an 


unusually long, slender, smooth, rounded cremaster, armed with very short curled 
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sete, and ends in two upeurved slender, hooks. Cocoon formed of thick, 
brownish silk, situated within folded leaves or under some slight protection 


at the surface of the soil. Concealed by particles of soil» (Packarp). 


5). Nerice davidii. 
(HE TNOCH A Lea es AES Tey ONO. MO es itecey(-) 

Nerice davidii Oberthir, Etud. Ent. VI. p. 17, pl. 9. fig. 2 (1881); Lrxcu, 
Trans. Ent. Soc. Lond. 1898, p. 318; SraupriNGER, Cat. Lep. pal. p. 108 
(1991) ; GrtxBenre, Seitz, Macrolep. II. p. 295, pl. 45b (1912). 

Nerie davidis Matsumura (nec OBERTHUR), Zoku-senchiu-zukai. I. p. 72, pl. 11. 
fiz. 5 (1909). 

Nerice bidentata Leech (nee Walker), P.Z.S. 1888, p. 638. 

Local distribution. Shinano, Sapporo, Hakodate. 
General distribution. Japan, China, Siberia. 


Time of appearance. August. 


56. Nerice? bipartita. 
(Pl. XXY, fig. 10; Pl. XXX, fig. 12.) 

Nerice bipartita Butler, Cist. Ent. II. p. 119 (1885); Lerxrcu, Trans. Ent. Soe. 
Lond. 1898, p. 318 ; SrauprncEr, Cat. Lep. pal. p. 108 (1901) ; GrUNBERG, 
Seitz, Macrolep. H. p. 295, pl. 45b (1912). 

Nerice upina Alphéraky, Rom. Mém. VI. p. 17, pl. 1. fig. 7 (1892). 

Loeal distribution. Nikko, Kyoto, Shikoku, Sapporo. 
General distribution. Japan, China. 


Time of appearance. June. 


Genus Brachionycoides n. gn. 


Palpi porrect or oblique, 3rd joint moderate and pointed; proboscis 


present; antenne in both sexes 

cee a, fasciculate; eyes naked. Legs 
5 na eg hairy; foretibize with the lobe 
extending to about three-fourths, 


Text-fig. 21. Foretibia of B. atrovittatum, &.x 23. A onus 5 A 
: © hindtibiz with two pairs of spurs. 


Forewing without tuft of scales on inner margin; vein 5 from middle of dis- 
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cocellulars ; 6, 7, 8 and 9 stalked ; 10 from cell and anastomosing with 7, 8 and 
9 to form an areole. Hindwing with vein 5 from middle of discocellulars ; 
6 and 7 stalked; 8 running close along upper margin of cell. 

Early stages unknown. 

Type. B. atrovittatum. 


Geographical distribution. Palrearctic. 


57. Brachionycoides atrovittatum. 


(EIS SOSOUE isle, ©) 5 12 ROMW, wie, ays) 12th DOM WALI, item IS 
Pl. XXIEX, fig. 6; Pl. XXNIIT, fig. 1; Text-fie. 21.) 


Brachionycha atrovittatus Bremer, Bull. Acad. Petersb. II. p. 483 (1861) ; Lep. 
Ost-Sib. p. 46, pl. 5. fig. 4 (1864); Kirpy, Cat. Lep. Het. p. 562 (1892) ; 
Lercn, Trans. Ent. Soc. Lond. 1898, p. 304; SraupincER, Cat. Lep. pal. p. 
109 (1901); Witeman, Trans, Ent. Soe. Lond. 1911. p. 284; Grunberg, 
Seitz, Macrolep. II. p. 299, pl. 45f (1912). 

Destolmia insignis Butler, Trans. Ent. Soe. Lond. 1881. p. 19. 

Notodonta toddit Holland, Trans. Amer. Ent. Soc. XVI. p. 73 (1889). 

Local distribution, Tokyo, Nachi, Yoshino, Yokohama, Nikko, Tobetsu, 

Junsai Numa. 

General distribution. Japan, Siberia, 


Time of appearance. June—August. 


Genus Hypereschra Butler (1850). 
Semidonta Staudinger (1892). 


Palpi upturned, Ist jot hairy, 3rd moderate and obtuse ; proboscis 
feeble ; antennz in male pectinate to before the tip, in female pectinate or 
ciliated ; eyes naked. Legs hairy; foretibize with the lobe extending to three- 

fourths or four-fifths, hindtibize with 
two pairs of spurs. Forewing with 
a tuft of scales on inner margin ; 
vein 5 from middle of discocellulars ; 
Text-fig. 22. Foretibia of H. tenebrosu?, &. x23. 62758 and. 9 stalkkediecra pico 


upper angle of cell; 10 from cell and anastmosing with 8 and 9 to form an 
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areole. Hindwing with vein 5 from about middle of discocellulars; 6 and 7 
stalked ; 8 running close along upper margin of, cell. 
Karly stages unknown. 


Geographical distribution. Palzearctic, Oriental and Nearetic. 


58. Hypereschra biloba. 
(BIE Xe, fig 235) Ply XE she 5's) PI XeXX VIL, tio. 62) 


Drymonia biloba Oberthur, Etud. Ent. V. p. 63, pl. 8. fig. 1 (1880) ; SraupINGER. 
Rom. Mém. VI. p. 358 (1892); Cat. Lep. pal. p. 109 (1901); Wiuteman 
Trans. Ent. Soc. Lond. 1911, p. 295; Grunpere, Seitz, Macrolep. IT. p. 
302, pl. 45d (1912). 

Local distribution. Nikko, Kai, Yoshino, Kaga, Tobetsu, Junsai Numa. 

General distribution. Japan, Siberia. 

Time of appearance. July, August. ‘ 

Foretibiee with the lobe extending to three-fourth length of them. 

The angulation of the postmedial line of the forewing is modified «among 
the sexes. In the male the postmedial line more deeply incurved between 
veins 1 and 4 than in the female, and the angulation at vein 1 acute, the 
space between the ante- and postmedial lines being broader. 

The specimens of both sexes taken by Hirayama at Zy wankei, Hokkaido, 
on August 13th, 1918, differ from OprrtTatr’s figure in the darker colour and 
the angulation of the postmedial line But the specimen are so impartect 


that I can not describe them as distinct. 


59. Hypereschra basilinea. 
(Pl. XXVI, fig. 5; Pl. XXXIX, fig. 3.) 


Notodonta basitinea Wileman, Trans. Ent. Soc. Lond. 1911, p. 292,* pl. 30. 
fic. 23; Grtnpera, Seitz, Macrolep. II. p. 302 (1912). 
Local distribution. Yoshino, Kyoto. 
Habitat. Japan. 


Time of appearance. June, August. 
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60. Hypereschra taiwana n. sp. 
(Pl. XXII, fig. 1.) 


Palpi brownish grey, fuscous above ; head, thorax and abdomen brownish 
grey. Forewing grey-brown with the basal two-thirds darker; a black 
longitudinal streak in cell and a double black longitudinal streak below cell 
on submedian fold, filled in with whitish ; a black discocellular streak ; a deeply 
dentate postmedial line defined by whitish on outer side, oblique from costa. 
to yein 4, then inwardly oblique and indistinct; an indistinct subterminal 
dentate line, defined by whitish on outer side; veins finely streaked with 
black ; cilia grey-brown with a pale line at base. Hindwing whitish suffused 
with brown towards termen; cilia whitish mixed with brown. Underside of 
forewing grey-brown with an almost straight dark postmedial line ; of hindwing 
whitish tinged slightly with brownish. 

Expanse. @ 50mm. 

Type. A male specimen taken at Horisha, Formosa, August 7, 1917. 

Local distribution. Horisha. 


Habitat. Formosa. 


261. Hypereschra tenebrosa. 


(BL XOGE fig: 245 Ply XX Vil fies. 28; Pl XXIX, fig. 4; 
Pl. XXXVIII, fig. 2; Text-fig. 22 ) 


Phalera tenebrosa Moore, P.Z.S. 1865, p. 815 ; Hampson, Moths Ind. I. p. 164 
(1892); Lercu, Trans. Ent. Soe. Lond. 1898, p. 312. 
Local distribution. Yokohama, Kaga. 
General distribution. Japan, India. 
Time of appearance. August. 
Antenne of male serrate, palpi with Ist joint rather long, and foretibie 
with the lobe extending to four-fifths length of them. I have doubtfully 


identified the specimen figured with this species. 


Genus Notodonta Ochsenheimer (1510). 


Palpi porrect, not reaching beyond frons, Ist joint long and almost equal 


in length to 2nd, 3rd rather long and pointed; proboscis vestigial ; antennse 
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in male pectinate to about one-fourth, in female serrate; eyes hairy. Legs 
hairy, especially on forelegs ; foretibize with the lobe extending to about three- 
fourths, hindtibize with two pairs 

EES of spurs. Forewing with a tuft 
ht i of scales on inner margin; vein 
5 from middle of discocellulars ; 


Text-fig. 23. Foretibia of V. dembowskii, &. x23 $ 
e 6, 7, 8, 9 and 10 stalked; 11 


free; no areole. Hindwing with vein 5 from above middle of discocellulars ; 
6 and 7 stalked; 8 runuing close along upper margin of cell. 

Larvee with “head large, square; a large high nutant hump on second 
and a lower one on third and a very prominent one on eighth abdominal 
segment, the latter ending in two tubercles. Anal Jegs long, but used in 
walking. The European species have from three to five humps. In the 
European N. ziczac there are, judging by Buckler’s figures, as in our species, 
but three humps; in \. tritophus there are four, while the larva of N. drome- 
darius most approaches Nerice in having five humps, four on each of the four 
basal abdominal segments and one on the eighth” (Packard). 

Pupe with “no distinct cremaster, the body being smooth and rounded 
at the end” (Packard). 


Geographical distribution. Palearctic, Oriental and Nearctic. 


62. Notodonta dembowskii. 


(BL XV, fe. WS PR XOGXs he: GEV PI) KOCK shee 25 
Text-fig. 23.) 

Notodonta dembowskii Oberthir, Diagn. p. 11 (1879); Etud. Ent. V. p. 62, pl. 
2. fig. 4 (1880); SraupiNGER, Cat. Lep. pal. p. 109 (1901); WibEeman. 
Trans. Ent. Soc. Lond. 1911, p. 291; GrtnpEre, Seitz, Macrolep. II. p, 
300, pl. 45g (1912). 

Local distribution. Nikko, Usuitoge, Tobetsu, Junsai Numa. 
General distribution. Japan, Siberia. 


Time of appearance. May, June, July, August. 
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63. Notodonta stigmatica. 
CSOs tio 3153) 


Hupodonta pulcherrima ab. stigmatica Grinberg, Seitz, Macrolep. Il. p. 299, 

pl. 45g (1912). 

Notodonta dembowskii (part) Wileman, Trans. Ent. Soe. Lond. 1911, p. 291. 
? Notodonta rothschildi Wileman, Entom. 1916, p. 133. 

Local distribution. Tobetsu. 

Habitat. Japan (Hokkaido). 

Time of appearance. July, August. 

This species should belong to the genus Notodonia instead of Hupodonta. 
The absence of the tuft of scales on the inner margin of forewing as figured 
by Grunberg is probably due to the examination of an imperfect specimen. 
Moreover he did not mention the sex, the weak pectination of antennze shown 
in his figure makes me conclude that it is certainly a male of Notodonta but 
not Hupodonta as he refers to, since in the latter the antennz of the male 
are strongly pectinate while in the female they are ciliated. 

Notodonta rothschildi WiLemMaN may possibly be identical with the present 


species. 


64. Notodonta tritophus. 


Bombyx tritophus Esper, Schmett. IIT. p. 279, pl. 60. figs. 1, 2 (1786); 
Hiiener, Bomb. fig. 29; Srauprnerr, Cat. Lep. pal. p. 109 (1901); 
Witeman, Trans. Ent. Soc. Lond. 1911, p. 289; GruneErG, Seitz, 
Macrolep. II. p. 301, pl. 46a (1912). 

Bombyx torva Hubner, Bomb. p. 108 (1800 ?) 

Local distribution. Sapporo, Hakodate. 


General distribution. Japan, Siberia, Europe. 


“65. Notodonta cinerea. 


Peridea cinerea Butler, A. M.N.H. (5) IV. p. 353 (1878); Kirpy, Cat. Lep. 
Het. p. 600 (1892); Lrrcu, Trans. Ent. Soc. Lond. 1898, p. 310; 
GRUNBERG, Seitz, Macrolep. I. p. 502 (1912). 


Local distribution. Yokohama, Gifu, Hakodate. 


eo 
bo 
to 


N. MARUMO: 


Habitat. Japan. 


Time of appearance. August. 


“66. Notodonta griseotincta. 
Notodonta griseotincta Wileman, Entom. 1910, p. 312. 
Loeal distribution. Rantaizan. 
Habitat. Formosa. 


Time of appearance. May. 


“67. Notodonta furva. 


Nolodonta furva Wileman, Entom. 1910, p. 313. 
Loeal distribution. IKanshirei. 
Habitat. Formosa. 


Time of appearance. April. 


“68. Notodonta? basinotata. 


Notodonta ? basinotata Wileman, Entom. 1910, p. 344. 
Local distribution. [Kanshirei. 
Habitat. Formosa. 


Time of appearance. April. 


Genus Hupodonta Butler (1877). 


-alpi obliquely upturned, 8rd joint long and somewhat pointed ; proboscis 

fully developed ; antennz in male pectinate to near the tip, in female ciliated ; 
eyes naked. Legs hairy ; fore- 

es ieee Mee, tibix with the lobe extending 

to the end, hindtibie with two 

pairs of spurs. Forewing 


Vid elongate, without tuft of scales 


= on inner margin; vein 5 from 
Text-fig. 24. Fortibia of H. puleherrima co:ticalis. &. x 23 vi : . 

: g middle of discocellulars; 6, 7, 

8, 9 and 10 stalked; no areole. Hindwing with vein 5 from above middle 


of discocellulars ; 6 and 7 stalked; 8 running close along upper margin of cell. 
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Lary with a long pointed process on the segments 2nd, 7th and 11th, 
the process on 7th segment longest. 
Pupx with the cremaster prolonged and pointed. 


Geographical distribution. Palearctic and Oriental. 


69. Hupodonta pulcherrima. 


(Pl. XXUD, fig. 33; Pl. XXX, fig. 6; Pl. XXXVIIL fig. 4; 
Text-fig. 24.) 


Anodonta pulcherrima Moore, P.Z.S. 1865, p. 814, pl. 43. fig. 4; Hampson, Moths 
Ind. I. p. 161 (1892); Lerxrcn, Trans. Ent. Soc. Lond. 1898, p. 309; 
STAUDINGER, Cat. Lep. pal. p. 108 (1901); Grtnpera, Seitz, Macrolep. 
II. p. 299, pl. 45g (1912). 

Hupodonta corticalis Butler, A.M.N.H. (4) XX. p. 475 (1877). 

Hupodonta pulcherrima var. corticalis Staudinger, Cat. Lep. pal. p. 108 (1901). 
Loeal distribution. Nikko, Tokyo, Yokohama, Kyoto, Hokkaido. 

General distribution. Japan, India. 

Time of appearance. July, August. 

Larvee. Head bluish green, laterally streaked with white and black; body 
yellowish green, each segment traversed by blue lines; stigmata reddish 
brown ; subspiracular line white; subdorsal line yellow; oblique lines at the 
side composed of the series of yellow spots; three dorsal processes crimson 
streaked with white or yellow. Length about 40mm. The larvee have been 
reared by Yano with the leaves of cherry at Tokyo. The above description 


of the Jarvyee is based upon the figure prepared by Yano. 


70. Hupodonta obsoleta nu. sp. 
(EE DOING Saree, ale) 


More grizzle than the preceding by the reduction of rufous tinge. Fore- 
wing whitish grey, a black spot on costa near base; an oblique antemedial 
triangular black patch on costa, followed by a large patch of the ground 
colour ; inner marginal area below median nervure whitish ochreous ; a double 
slightly dentate blackish postmedial line, bent outwards below costa and 


indistinct below yein 2; a diffused reddish brown subterminal wayed line, 
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edged outwardly with whitish, suffused inwardly with fawn colour to the 
postmedial line ; terminal area dark grey, with a black line on it; terminal 
line black ; cilia grey-brown. Hindwing whitish, suffused with brown on the 
outer half; an indistinct postmedial and a blackish terminal lines. Underside 
whitish suffused and irrorated with brown, traces of a postmedial line on 
hindwing. 

Expanse. @ 47 mm., $ 59 mm. 

Type. A pair of specimens taken by Hirayama at Zyozankei, Hokkaido, 
August 1918. 

Loeal distribution. Zyozankei (Hokkaido). 

Habitat. Japan. 


Genus Pheosia Hubner (1822 ?). 


Palpi porrect, slight and woolly haired, 3rd joint large ; proboscis vestigial ; 


eyes naked; antenne in male pectinate to the tip. Legs hairy, foretibize and 


Text-fig. 25. Foretibia of P. dictewoides, &. x 28. Text-fig. 26. Foreleg of P. dictwoides, &. x6. 


tarsi fringed with long hair; the lobe of foretibie not reaching the end, 
hindtibise with two pairs of spurs. Forewing elongate with a tuft of scales 
on inner margin; vein 5 from middle of discocellulars ; 6 from upper angle 
of cell; 7, 8, 9 and 10 stalked; no areole. Hindwing with vein 5 from above 
middle of discocellulars; 6 and 7 stalked to near end; 8 running close along 
upper margin of cell; a slight veinlet in cell. 

Larve “elongate-cylindrical, smooth and as glossy as porcelain, hearing 
only dispersed minute hairs; 16 feet; on abdominal segment 8 a broad 
pyramidal tubercle which ends in a short point; head broad and flat” 
(Grunberg). 

Pupe “in the ground in a silk-fined cell, slender, cylindrical, with a 
short bifid fork at the anal end” (Grunberg). 


Geographical distribution. Palearctic, Oriental and Nearetic. 
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71. Pheosia dictewoides. 


(2G SOM00L, Hes Ig 1G MOMS iieg We 1AE DS OcO.Qa NL, sree, 112 
Text- figs. 25, 26.) 


Bombyx dictwoides Esper, Schmett. II. Cont. p. 27, pl. 84. fig. 3 (1789) ; 
Hutpyer, Bomb. figs. 23, 24; Srauprncer, Cat. Lep. pal. p. 108 (1901) ; 
GRUNBERG, Seitz, Macrolep. II. p. 298, pl. 45f (1912). 

Local distribution. Shinano (Mt. Yatsugatake). 
General distribution. Japan, Siberia, Europe. 
Time of appearance. July. 


Hitherto unrecorded from Japan. 


Genus Leucodonta Staudinger (1892). 


Palpi porrect and hairy, hardly reaching beyond the frons; proboscis 
vestigial ; antennze in male pectinate to the tip, the branches short and stiff, 
in female setiform ; eyes naked. Legs hairy ; foretibia with the lobe extending 
to three-fourths, hindtibiee with two 
pairs of spurs. Forewing with a tuft 
of scales on inner margin; vein 5 
from above middle of discocellulars ; 
6, 7, 8 and 9 stalked; 10 from cell 


and anastomosing with 7, 8 and 9 to form an areole. Hindwing with vein 


Text-fig. 27. Foretibia of L. bicoloria, &. x 23. 


5 from far above middle of discocellulars; 6 and 7 stalked; 8 running close 
along upper margin of cell. 

Larve “smooth, very sparsely hairy, with 16 feet and without tubercles ” 
(Grunberg). 

Pupx “slender, cylindrical, with the anal end rounded” (Grinberg). 


Geographical distribution. Palzaretic. 


72. Leucodonta bicoloria. 
(Pl. XXIII, fig. 9: Pl. XXXII, fig. 5; Text-fig. 27.) 


Bombyx bicoloria Schiffermiller, Esper, Schmett. ITT. pl. 41. fig. 7 ; STAUDINGER, 
Rom. Mém. Vi. p. 349 (1892); Cat. Lep. pal. p. 110 (1901); Lerrcu, 
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Trans. Ent. Soc. Lond. 1898, p. 316; Grunpera, Seitz, Macrolep. I. p. 
304, pl. 46f (1912). 
Bombyx brcolora Hubner, Bomb. pl. 5. fig. 18. 
Local distribution. Kanikochi, Nikko, Fritisan. 
General distribution. Japan, Siberia, Europe. 


Time of appearance. July. 


Genus Wilemanus Nagano (1916). 


Palpi short and porrect, Ist two joints thickly scaled, 3rd moderate and 
obtuse ; proboscis present; antennse in male pectinate to two-thirds, in female 
fasciculate ; eyes naked. Legs hairy; foretibiz with the lobe extending to 


the end, hindtibize with two pairs 


Fm a Lena of spurs. Forewing without tuft 


2 eae of scales on inner margin; vein 5 


from middle of discocellulars ; 6, 7 
Text-fig. 28. Foretibia of W. bidentatus, @. x 23. 
and 8 stalked; 9 and 10 stalked, 
9 anastomosing with 8 to form an areole. Hindwing with vein 5 from above 
middle of discocellulars; 6 and 7 stalked; 8 running close along upper 
margin of cell. 
Larvee smooth, somewhat resemble to those of Heterocampa manteo of 
N. America, the fourth and eleventh segments slightly humped above. 
Pupx “elongate ellipsoidal with round head ; cremaster with two proces- 
ses’ (Nagano). 


Geographical distribution. Palearctic. 


73. Wilemanus bidentatus. 
(Pl. XXTI, fig. 24; Pl. XXVII, fig. 3; Pl. XXX, fig. 11; 
Pl. XXXIII, fig. 8; Text-fig. 28.) 
Stauropus bidentatus Wileman, Trans. Ent. Soe. Lond. 1911, p. 287, pl. 30. 
fic. 9; Grunpenc, Seitz, Macrolep. II. p. 290 (1912); Nacano, Bull. 


= 


Nawa Ent. Lab. I. p. 2, pl. 1. figs. 1-13, pl. 9. fig. 19, larva (1916). 
Ochrostigma ussuriensis Piingeler, Seitz, Macrolep. I, p. 305, pl. 49b (1912). 
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Local distribution. Usuki, Yoshino, Shizuoka, Corea. 
General distribution. Japan, Corea, Siberia. 


Time of appearance. May—August. 


Genus Lophodonta Packard (1564). 


Palpi short and porrect or oblique, 3rd joint moderate and obtuse or 
somewhat pointed; proboscis feebly developed ; antennze in male fasciculate, 


in female ciliated; eyes 


ge ne naked. Legs hairy; fore- 
y) 
GR en ae tibiw with the lobe extend- 


ing to about three-fourths, 
Text-fig. 29. Foretibia of LZ. grwseri, ©. x 23. diadhbioaithiwo pairs of 
spurs. Forewing elongate, with a tuft of scales on inner margin; vein 5 
from middle of discocellulars; 6, 7, 8, 9 and 10 stalked; 11 free; no areole, 
Hinding with vein 5 from above middle of discocellulars; 6 and 7 stalked ; 
8 running close along upper margin of cell. 

Lary. ‘ Body much as in Notodonta, but the head is smaller and it 
has no such suranal plate, this being small and rounded at the end, while 
the body is smooth, the skin not granulated. From Notodonta it differs in 
the body being noctuiform, not humped. A faint double median dorsal line 
and a lateral line; the whole body pea-green. Spins no cocoon” (PACKARD) 

Pupe. “Body full and plump, the end of the abdomen yery much 
rounded and obtuse, with no distinct cremaster ’ (PACKARD). 


Geographical distribution. Palearctic, Oriental? and Nearctic. 


74. Lophodonta greseri. 


(Pl. XXL, fig. 17; Pl. XXVI, fig. 4; Pl. XXX, fig. 7; Text-fig, 29.) 
Notodonta greseri Staudinger, Rom. Mém. VI. p. 351, pl. 5. fig. 3 (1892) ; Cat. 
Lep. pal. p. 109 (1901); Wireman, Trans. Ent. Soc. Lond. 1911, p. 
291; GrUNBERG, Seitz, Macrolep. II. p. 300, pl. 46a (1912). 
Notodonta Ishidee Matsumura, Zoku-senchiu-zukai. J. p. 56, pl, 10. fig. 1 
(1909). 


Local distribution. Kaga, Yoshino, Sapporo. 
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General distribution. Japan, Siberia. 


Time of appearance. August, September. 


75. Lophodonta aliena. 


Notcdonta aliena Staudinger, Rom. Mém. VI. p. 352, pl. 5. fig. 4 (1892) ; Cat. 
Lep. pal. p. 109 (1901); Witrmayn, Trans. Ent. Soc. Lond. 1911, p. 
291; GrUNBERG, Seitz, Macrolep. II. p. 300 pl. 46a (1912). 

Notodonta Nitobei Matsumura, Zoku-senchiu-zukai. I. p. 59, pl. 10 fig. 5 
(1909). 

Local distribution. Yoshino, Shinano, Aomori. 
General distribution. Japan, Siberia. 


Time of appearance. June, September. 


76. Lophodonta lativitta. 


Notodonta lativitta Wileman, Trans. Ent. Soe. Lond. 1911, p- 292, pl. 30. 
fig. 4; GrUNBERG, Seitz, Macrolep. II. p. 302 (1912). 
Loeal distribution. Yoshino, Shinano. 
Habitat. Japan. 


Time of appearance. August, September. 


77. Lophodonta monetaria. 
(Bl XXXVI, fe. 7; Pl) XSeXVE, fis. 2.) 

Notodonta moneturia Oberthtr, Etud. Ent. Y. p. 62, pl. 2. fig. 6 (1880) ; 
Kirpy, Cat. Lep. Het. p. 560 (1892); Lercu, Trans. Ent. Soc. Lond. 
1898, p. 310; Sraupinaer, Cat. Lep. pal. p. 109 (1901); Witemay, 
Trans. Ent. Soe. Lond. 1911, p. 290; Grtnsera, Seitz, Macrolep. II. 
p. 301, pl. 46b (1912). 

Notodonta oberthiiri Staudinger, Rom. Mém. VI. p. 354, pl. 5 fig. 5 (1892). 
Local distribution. Tokyo, Kaga, Yoshino, Nagahama, Tobetsu. 
General distribution. Japan, Siberia. 

Time of appearance. May—September. 
One of the female examined by me is much darker; hindwing almost 


fuscous, and the transverse lines and bands are indistinct. 
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Genus Euhampsonia Dyar (1597). 


Palpi porrect and thickly sealed, 3rd joint very small; proboscis present ; 
antenne in male pectinate to two-thirds, in female ciliated ; eyes naked, over- 
overhung by cilia. Thorax with a high 

erect crest of hair. Legs hairy; fore- 

ae tibizee with the lobe not extending to 
the end, hindtibize with two pairs of 


Text-fig. 30. Foretibia of E. cristata, 9.x 12. : . 
+ spurs. Forewing with termen crenulate 


and irregular above vein 4; tuft of scale on inner margin either large or 
small; vein 5 from middle of discocellulars; 6 from just above upper angle 
of cell or just below it; 7, 8 and 9 stalked; 10 anastomosing with the stalk 
of 8 and 9 to form an areole. Hindwing with vein 5 from middle of dis- 
cocellulars ; 6 and 7 stalked; 8 running close along upper margin of cell. 

Larvee smooth, cylindrical, without humps and tubercles; 10 feet. Closely 
resemble to those of Nadata. 


Geographical distribution. Paleearctic and Oriental. 


78. Euhampsonia cristata. 


(Bl. XXT, fig. 3; Pl XOGXD fic: 6; Pl. XXXV, fie. 1; Text-fig. 30:) 
Trabala cristata Butler, A. M. N.H. (4) XX. p. 480 (1877); Ill. Het. B. M. 

II. p. 18, pl. 27. fig. 1 (1878); Kirpy, Cat. Lep. Het. p. 614 (1892) ; 

STAUDINGER, Rom. Mém. VI. p. 367 (1892); Lrrcu, Trans. Ent. Soc. Lond. 

1898, p. 297; Grtnpere, Seitz, Macrolep. II. p. 310, pl. 47 b (1912). 

Local distribution. Tokyo, Oiwake, Yokohama, Nagahama, Hokkaido. 

General distribution. Japan, China, Siberia. 

Time of appearance. June, July. 

Larvee. According to Prof. Sasaki’s figure, head paler green streaked at 
sides with white; body green with the dorsal half pale grey; stigmata red 
ringed with white; segments 4-11 with an oblique white streak at sides ; 
suranal plate yellow streaked with red. 

The tuft of scales on inner margin of forewing well developed; vein 6 


of forewing from just above upper angle of cell. 
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79. Euhampsonia splendita. 


Nadata splendita Oberthtr, Etud. Ent. V. p. 65, pl. 5. fig. 6 (1880); 
SraupDIncEeR, Rom. Mém. VI. p. 366 (1892); Cat. Lep. pal. p. 111 
(1901); Lercu, Trans. Ent. Soc. Lond. 1898, p. 298; Wireman, 1. ec. 
1911, p. 284; Grunpera, Seitz, Macrolep. II. p. 311, pl. 47 ¢ (1912). 
Local distribution. Kaga, Shinano, Tobetsu. 

General distribution. Japan, China, Siberia. 

Time of appearance. July, August. 

The tuft of scales on inner margin of forewing less Ceveloped, the termen 
much less irregular than in the preceding; vein 6 of forewing from just 


below upper angle of cell. 
Genus Gangaridopsis Grunberg (1912). 


Palpi upturned and not reaching vertex of head, 8rd joint indistinct ; 


proboscis feebly developed ; antennz in male pectinate to the tip; eyes hairy. 


ee Thorax with a high 
ape . 
or = erect crest. Legs hairy ; 


{ foretibie with the lobe 
———s 

not reaching the end, 
Text-fig. 31. G. citrina, &. x 23. hindtibize with two pairs 
of spurs. Forewing with the apex acute; termen crenulate; without tuft of 
scales on inner margin; vein 5 from middle of discocellulars ; 6, 7, 8 and 9 
stalked; 10 from cell and anastomosing with 7, 8 and 9 to form an areole. 
Hindwing with vein 5 from above middle of discocellulars; 6 and 7 stalked; 
8 running close along upper margin of cell and connected with it by @ bar 

near base. 

Early stages unknown. 


Geographical distribution. Palearctic. 


80. Gangaridopsis citrina. 
(Pl. XXIII, fig. 10; Pl. XXXVI, fig. 3; Text-fiz. 31.) 
Gangarides citrina Wileman, Trans. Ent. Soc. Lond. 1911, p. 283, pl. 31. 
fig. 3; GrUNBERG, Seitz, Macrolep. II. p. 294, pl. 48 h (1912). 


Local distribution. Nikko, Nasuno, Ise. 
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Habitat. Japan. 


Time of appearance. August. 


Genus Himeropteryx Staudinger (1887). 


Palpi porrect and hairy, slightly extending beyond the frons, 3rd joint 
small with rounded apex ; proboscis vestigial ; antenne in male pectinate ; eyes 


naked. Thorax and legs hairy. Foretibixe with the lobe extending to just 


nnd \ 


nS 


Text-fig. 33. H. miraculosa, &. x 23. 


Text-fig. 32. Palpus of H. miraculosa, ©. x 37. 


before the end, hindtibizee with two pairs of spurs. Forewing rather broad 
with termen slightly crenulate ; a tuft of scales on inner murgin; vein 5 from 
above middle of discocellulars; 6 shortly stalked with 7, 8 and 9; 10 from 
cell and anastomosing with 7, 8 and 9 to form an areole. Hindwing with 
termen almost rounded; vein 5 from above middle of discocellulars ; 6 and 7 
stalked ; 8 running close along upper margin of cell. 

Early stage unknown. 


Geographical distribution. Palearctic. 


81. Himeropteryx miraculosa. 


(Pl. XXIII, fig. 26; Pl. XXXIX, fig. 6; Text-figs. 32, 33.) 
Himeropteryx miraculosa Staudinger, Rom. Mém. III. p. 228, pl. 12. fig. 10. 
(1887) ; Cat. Lep. pal. p. 111 (1901); Witemay, Trans. Ent. Soc. Lond. 
1911, p. 296; Grinperc, Seitz, Macrolep. II. p. 310, pl. 47 ¢ (1912). 
Local distribution. Yanagawa (Kiushiu), Junsai Numa. 
General distribution. Japan, Siberia. 
Time of appearance. September, October. 


Takamuku states that the larvee feed on the leaves of Acer palmatum. 
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Genus Pygopteryx Staudinger (1887). 


I have not been able to examine the species of this genus. 


Geographical distribution. Palzearctie. 


*82. Pygopteryx suava. 


Pygopterye suava Staudinger, Rom. Mém. III. p. 230, pl. 17. fig. 4 (1887) ; 
Cat. Lep. pal. p. 112 (1901); Grtxpera, Seitz, Macrolep. If. p. 315, pl. 
47 g (1912). 
Local distribution. Shinano. 


General distribution. Japan, Siberia. 


Genus Melalopha Hubner (1810). 
Ichthywra Hiibner (1827). 


Palpi porrect, slender, thickly scaled, 3rd° joint small or moderate ; 
antenne in both sexes pectinate to the tip; eyes hairy. Legs hairy; forelegs 
with tibizve and tarsi thickly haired ; 
foretibize with the Jobe extending to 
the end, hindtibize with two pairs of 
spurs. Abdomen of male with 
Text-fig. 34. Foretibia of I. anastomosis, & x 23. anal tuft. Forewing without tuft of 
seales on inner margin; vein 5 from middle of discocellulars or from just 
below upper angle of cell; 6 from upper angle of cell or stalked with 7, 8, 
9 and 10; no areole. Hindwing with vein 5 absent; 6 and 7 stalked; 8 
running close along upper margin cell. 
Larve cylindrical, hairy, with 16 feet; segments 4th and 11th with 
dorsal tubercles. Spin a cocoon between leaves. 
Pup with the fureate cremaster. 


Geographical distribution. Palzearctic, Oriental and Nearctic. 
83. Melalopha anastomosis. 
(Pl. XXXVIJ, fig. 5; Text-fig. 34.) 


Bombyx anastomosis Linnzus, Syst. Nat. I. p. 506 (1758); Hampson, Moths 


Ind. I. p. 172 (1892); Kirpy, Cat. Lep. Het. p. 609 (1892); Lexcu, 
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Trans. Ent. Soe. Lond. 1898, p. 317; Srauprncer, Cat. Lep. pal. p. 112 

(1901) ; Grinpera, Seitz, Macrolep. II. p. 314, pl. 47f (1912); Nacano, 

Bull. Nawa Ent. Lab. I. p. 8, pl. 3. figs. 1-10, pl. 9. fig. 16, larva (1916). 
Pygera anastomosis var. orientals Fixen, Rom. Mém. III. p. 350 (1887). 

Local distribution. Tokyo, Gifu, Hokkaido, Corea. 

General distribution. Japan, Corea, China, Siberia, India, Europe. 

Time of appearance. May, June, August, September. 


Palpi with 3rd joint small. 


84. Melalopha anachoreta. 
(Pl XXTX, fic. 125 Pl. XXXVI, fig. 6) 


Bombyx anachoreta Fabricious, Mant. Ins. II. p. 120 (1787); Hupner, Bomb. 
pl. 22. fig. 88; Hampson, Moths Ind. I. p. 172 (1892); Lexcu, Trans. 
Ent. Soe. Lond. 1898, p. 317 ; SrauprncErR, Cat. Lep. pal. p. 112 (1901) ; 
GRUNBERG, Seitz, Macrolep. II. p. 314, pl. 47g (1912); Nacano, Bull. 
Nawa Ent. Lab. I. 9, pl. 3. figs. 11-20, pl. 9. fig. 23, larva (1916). 

Ichthyura fulgurita Walker, Cat. XXXII. p. 433 (1865). 

Local distribution. Tokyo, Gifu, Kii, Yokohama, Shikoku, Hakodate, Corea. 
General distribution. Japan, Corea, China, Siberia, India, Europe. 
Time of appearance. May—August. 


Palpi with 3rd joint moderate. 


85. Melalopha curtuloides. 


Clostera curtuloides Erschoff,, Trudy. IV. p. 193 (1870); Rom. Mém. I. pl. 
16. fig, 3; Srauprvarr, lc. VI. p. 373; Cat. Lep. pal. p. 112 (1901); 
Kirey, Cat. Lep. Het. p. 609 (1892); Grinpera, Seitz, Macrolep. I. p. 314, 
pl. 47 f (1912) ; Nacano, Bull. Nawa Ent. Lab. I. p. 9, pl. 3. fig. 21 (1916). 
Loeal distribution. Gifu, Shinano. 

General distribution. Japan, Siberia. 


Time of appearance. May, August. 


Genus Egonocia n. gn. 


Palpi obliquely porrect, not reaching beyond frons, thickly sealed, 5rd 


joint small and obtuse; proboscis vestigial; vertex of head with a tuft of 
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hairs well developed; antennse pectinate to before the tip in both sexes, the 
branches Jong in male, short 
in female; eyes naked. Legs 
hairy ; foretibive with the lobe 
extending to or just before the 
end, hindtibie with two pairs 
\ of spurs. Forewing thickly 
: sealed, subcostal vein hairy on 
Text-fig. 35. Foretibia of E. cyanea, &. x 23. nnderidoceno biti of scaloscon 
inner margin; vein 5 from middle of discocellulars; 6 from upper angle of 
cell or stalked with 7, 8, 9 and 10; no areole. Hindwing with vein 5 from 
above middle of discocellulars; 6 and 7 stalked; 8 running close along upper 
margin of cell. Both wings with veinlets in the cell. 
Type. E. cyanea. 
Larvee noctuiform, cylindrical and smooth; 16 feet. Pupate under the 
ground and spin a rough cocoon. 
Pup without distinct cremaster. 


Geographical distribution. Palearctic and Oriental. 


86. Egonocia cyanea. 


(Pl. XXIII, figs. 5, 30, 31, 32; Pl. XXXI, fig. 4; Pl. XXXVII, 
fig. 4; Text-fig. 35.) 

Somera cyanea Leech, P. Z.S. 1888, p. 642, pl. 32. fig. 5; Trans. Ent. Soc. 
Lond. 1898, p. 3807; GrunperG, Seitz, Macrolep. II. p. 291, pl. 45a 
(1912). 

Local distribution. Tokyo, Kaga, Yokohama. 

Habitat. Japan. 

Time of appearance. April, May, August. 

Larve (after Yamada’s figure) yellowish green with yellowish dorsal 
and subdorsal lines; each segment spotted with yellowish; suranal plate red. 


Food-plants. Styrax japonica. 
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87. Egonocia formosana nu. sp. 
(dell, SOMIOME, stex 70) 


Whiter than the preceding. Forewing with the greenish tinge much 
reduced and restricte1 to the antemedial and postmedial lines, which are more 
distinct than in the preceding. 

Expanse. { 44 mm. 

Type. A single male specimen taken at Horisha, Formosa, June 26, 
1915. 


88. Egonocia nachiensis nu. sp. 
(Pl XXII, fig. 6; Pl. XX XVII, fig. 3:) 


Palpi dark reddish brown, fringed with whitish; head, thorax and 
abdomen pale brown irrorated with dark reddish brown, especially towards 
the end of abdomen. Forewing dark reddish brown, thickly irrorated with 
bright green at base; the rest of wing sparsely irrorated with white ; an 
indistinct postmedial series of dark spots, mixed with greenish yellow, excurved 
between veins 3 and 4; cilia dark reddish brown. Hindwing whitish suffused 
with brown; cilia brownish. Underside whitish; forewing faintly tinged 
with brown. 

Expanse. 750mm. 

Type. A single male specimen taken at Nachi, Kii, July 28, 1916. 

Closely allied to Stauwropus viridipictus Wileman from Formosa, but dis- 
tinguishable from it by the forewing being sparsely irrorated with white 


instead of bright green, and the hindwing paler. 


89. Egonocia fasciata. 


Pheosia jfasciata Moore, P. Z.S. 1888, p. 401; Burner, Il. Het. B. M. VIL. 
p. 47, pl. 125. figs. 9, 10; Hampson, Moths Ind. I. p. 160 (1892); 
GRUNBERG, Seitz, Mocrolep. II. p. 298, pl. 49a (1912). 

Local distribution. Shinano. 
General distribution. Japan, India. 
Time of appearance. August. 
Hitherto unrecorded from Japan. 


Laryie with dorsal tubercle on 4th segment. 
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90. Egonocia perdix. 


Dashychira jperdix Moore, Lep. Atk. p. 58, pl. 3. fig. 3 (1879); Hampson, 
Moths Ind. I. p. 450 (1892); 1. ec. IV. p. 460; Wireman, Trans. Ent. Soe. 
Lond. 1911, p. 288. 

Dashychira fasciatus Moore, Lep. Atk. p. 58. 

Stauropus comatus Leech, Trans. Ent. Soc. Lond. 1898, p. 306. 

’Somera pryeri Leech, Trans. Ent. Soc. Lond. 1899, p. 216. 

Local distribution. Nikko. 

General distribution. Japan, China, India. 

Time of appearance. June. 

Identified from Moore’s figure, but the specimens are much smaller 
measuring 35-45mm. Considering that the larvee feed on leaves of Fagus 


only the specimens now identified by me with perdix may possibly be separable 


from perdix. 


Genus Drymonia Hubner (1822). 


Palpi porrect, fringed with long woolly hair and not reaching beyond 
frons, Ist and 2nd joints almost equal in length, 3rd rather long and pointed 
or shorter than 2nd as in the preceding genus; proboscis vestigial ; antennse 
in male pectinate to before the tip, in female “simple, setiform” (Grinberg) ; 
eyes naked. Legs hairy ; foretibise with the lobe not reaching the end, hind- 
tibixe with two pairs of spurs. Forewing rather thinly scaled subcostal vein 
not hairly on underside ; without tuft of scales on inner margin or it is feebly 
developed ; vein 5 from middle of discocellulars; 6, 7, 8, 9 and 10 stalked 
or 6 from upper angle of cell; no areole. Hindwing with vein 5 from above 
middle of discocellulars; 6 and 7 stalked; 8 rumning close along upper 
marein of cell. 

Larve noctuiform, smooth, cylindrical, with 16 feet. Pupate under the 
ground and spin a rough cocoon. 

Pup “with spinose anal end” (GRUNBERG). 


Geographical distribution. Palearctic, Oriental and Nearctic. 
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91. Drymonia lineata. 
(Pl. XXII, fig. 21.) 


Drymonia lineata Oberthur, Etud. Ent. V. p. 61, pl. 2. fig. 7 (1880) ; Lencn, 
Trans. Ent. Soc. Lond. 1898, p. 310; Stauprycrr, Cat. Lep. pal. p. 
108 (1901); Grunpera, Seitz’ Macrolep. II. p. 296, pl. 45d (1912) 

Pheosia octofasciata Matsumura, Zoku-senchiu-zukai. I. p. 54, pl. 9. fie. 9 
(1909). 

Local distribution. Shinano, Sapporo, Hakodate. 
General distribution. Japan, Siberia. 


Time of appearance. May, June. 


92. Drymonia trimacula. 
(GAL OO, ies IO) s 1k SOSOXIDS, ied, 1) 


Bombyx trimacula Esper, Schmett. III. p. 242, pl. 46. figs. 1-8 (1785); 
Kirsy, Cat. Lep. Het. p. 571 (1892); Lercu, Trans. Ent. Soc. Lond. 
1898. p. 803; Sraupinerr, Cat. Lep. pal._p. 104 (1901); Grinpenc, 
Seitz, Macrolep. II. p. 296, pl. 45e (1912). 

Notodonta trimacula var. dodonides Staudinger, Rom. Mém. III. p. 220 
(1887). 

2Drymonia discoidalis Matsumura, Zoku-senchiu-zukai. I. p. 72, pl. 11. fig. 6 
(1909). 

Local distribution. Tokyo, Shimashima. 
General distribution. Japan, Siberia, Europe. 
Time of appearance. June, July. 


D. discoidalis Matsumura may possibly be a form of this species. 


“93. Drymonia basalis. 


Drynonia basalis Wileman et South, Entom. 1917, p. 28. 
Local distribution. Gifu. 
Habitat. Japan. 


Qs 
Co 
[o'a) 
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“94. Drymonia chaonia. 


Bombyx chaonia Hubner, Bomb. pl. 3. figs. 10, 11 (1800?); Lrrcu, Trans. 
Ent. Soe. Lond. 1898, p. 303; Srauprnarr, Cat. Lep. pal. p. 108 (1901) ; 
Grunberg, Seitz, Macrolep. II. p. 297, pl. 45e (1912). 

Drymonia ruficornis Auvivillius, Nord Fyir. p, 72. 

Loeal distribution. Gifu. 


General distribution. Japan, Siberia, Europe. 


Genus Liparopsis Hampson (1892). 


I have not hitherto been able to examine the species of the genus. 


95. Liparopsis formosana. 


Liparopsis formosana Wileman, Entom. 1914, p. 323. 
Local distribution. Kanshirei. 
Habitat. Formosa. 


Time of appearance. September. 


Genus Ochrostigma Hubner (1827). 


Palpi short and porrect or obliquely upturned, first two joints hairy, 3rd 
moderate or rather long and pointed; proboscis feebly developed ; antenne in 
male pectinate to the tip or dentate and fasciculate, in female ciliated or 
“serrate and ciliated’ (Grinberg); eyes naked; “ ocelli small” (Grinberg). 


Legs hairy; foretibize with the lobe not 

7 eee reaching to the end, hindtibisee with 

two pairs of spurs. Forewing with a 

tuft of scales on inner margin, which 

Text-fig. 36. Foretibia of O. japonica, &. ~% 23. 5 not strongly convexed ; vein 5 from 

middle of discocellulars; 6, 7, 8, 9 

and 10 stalked, or 6 from upper angle of cell; no areole. Hindwing with 

vein 5 from above middle of discocellulars; 6 and 7 stalked; 8 rumning close 
along upper margin of cell and connected with it by a short bar. 

Larve slender, smooth, with or without hair. Pupate under the ground 


and spin a rough cocoon. 
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Pupe “with short points at the anal end” (GRUNBERG), 
Geographical distribution. Palearctic. 


Sect. I. Antennz of male pectinate. 


96. Ochrostigma japonica. 
(Pl. XXIII, fig. 23; Pl. XXXIV, fig. 3; Text-fig, 36.) 


Ochrostigna japonica Wileman, Trans. Ent. Soc. Lond, 1911, p. 285, pl. 30, 
fig. 25; GRUNBERG, Seitz, Macrolep. II. p. 305 (1912). 
Local distribution. Kaga, Yoshino, Nikko. 
Habitat. Japan, 
Time of appearance. June—Septenber. 


Sect. II. Antennze of male serrate and fasciculate. 


97. Ochrostigma manleyit. 


(Pl. XXV, fig. 2; Pl. XXVIH, fig. 6; Pl. XXXI, fig. 3; 
Pl. XXXIV, fig. 4.) 


Drymonia manleyi Lrrcu, P.Z.S. 1888, p. 639, pl. 22. fig. 2; Trans. Ent. Soe. 
Lond. 1898, p. 303; Grtyperc, Seitz, Macrolep. II. p. 296, pl. 45d 
(1912) ; Nacano, Bull. Nawa Ent. Lab. I. p. 4, pl. 1. figs. 28-39, pl. 9. 
fig. 5, larva (1916). 

Drymonia manleyi var. coreana Nagano, Bull. Nawa Ent. Lab. I. p. 5, pl. 1. 
fig. 40 (1916). 

Local distribution. Tokyo, Gifu, King-Kitao. 
General distribution. Japan, Corea. 


Time of appearance. October, November. 


98. Ochrostigma punctatella. 
(PI. XXII, fig. 10.) 


Orgyia punctatella Motschulsky, Etud. Ent. 1860, p. 32; Wileman, Trans, Ent. 
Soe. Lond. 1911, p. 288. 
Crethodonta suzuki Takenouchi, Trans. Ent. Soc. Jap. II. p. 94 (1916). 
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Local distribution. Tokyo, Takaosan, Nikko, Shinano, Yoshino, Tobetsu, 
Junsai Numa. 
Habitat. Japan. 


Time of appearance. April—July. 


Genus Ptilophora Stephens (1828). 


Palpi small, fringed with long woolly hair; proboscis vestigial ; antennz 
in male plumose, in female “subserrated” (STEPHENS); eyes naked. Head 
and thorax densely woolly. Abdomen woolly with an anat tuft of long woolly 

hair. Legs hairy; foretibiee with 

Sy the lobe reaching far beyond the 

end, hindtibixe with a pair of long 

Text-fig. 37. Foretibia of P. plumigera, &. x 23. alondar spurs. Wings thinly eealed: 

Forewing with termen and inner margin fringed with long hair, the former 

strongly oblique, and forming an obtuse angle with the latter; vein 5 from 

middle of discocellulars ; 6 from upper angle of cell; 7, 8, 9 and 10 stalked, 

10 arising from before 7; 11 free; no areole. Hindwing with vein 5 from 

about middle of discocellulars; 6 and 7 stalked to near end of them; 8 
running close along upper margin of cell. 

Larvie “slender, naked, Noctuid-like, without any tubercles; 16 feet” 
(GRUNBERG). 


Geographical distribution. Palearctic. 


99. Ptilophora plumigera. 
(Pl. XXII, fig. 22; Pl. XXXIX, fig. 5; Text-fig. 37.) 


Bombyx plumigera Esper, Schmett. TI. p. 254, pl. 50. figs. 6, 7 (1789) ; 
*  Kirpy, Cat. Lep. Het. p. 598 (1892); Lexcu, Trans. Ent. Soc. Lond. 
1898, p. 312; SrauprnaER, Cat. Lep. pal. p. 111 (1901) ; Grunpene. Seitz, 
Macrolep. II. p. 309, pl. 47g (1912). 
Local distribution. Tokyo, Yokohama, Hokkaido. 
General distribution. Japan, Siberia, Europe. 


Time of appearance. January, October. 
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Genus Ramesa Walker (1855). 
Pydna Walker (1855). 
Ceira Walker (1855). 
Bireta Walker (1864). 


Palpi porrect or upturned, first two joints hairy, 2nd joint in male long, 
in female short, 3rd rather large and pointed; proboscis vestigial; antennse 


in male pectinate or serrate and fasciculate to the tip, in female ciliated ; 


& a 
Text-fig. 38. Foretibise of R. straminea,x 23., a. &, b. &.. 


Ss 


Text-fig. 39, Foretibia of R. tosta, 9.x 23. 


eyes naked. Legs long and less hairy ; foretibize with the lobe reaching the 
end in male, hardly reaching in female, hindtibize with two. pairs of long 
spurs. Forewing without tuft of scales on inner margin; vein 5 from middle 
of discocellulars ; 6 from upper angle of cell or shortly stalked with 7, 8 and 
9; 10 from cell and anastomosing with 7, 8 and 9 or 8 and 9 to form a 
short or long areole. Hindwing with vein 5 from middle of discccellulars ; 
6 and 7 stalked or both free from upper angle of cell; 8 running close along 
upper margin of cell and connected with it by a bar. 

Larvee noctuiform, smooth and cylindrical; 16 feet. Pupate under the 
ground and spin a rough cocoon. 

Pupe with the wing reaching beyond middle; cremaster with 8 spines 
which are rolled up at their end. 

Geographical distribution. Palearctic and Oriental. 

The shape of the forewing is modified among the sexes, thus in the 
female the apex is more acute than in the male. 
Sect. I. Forewing with the areole short, triangular ; antenne of male serrate 

and. fasciculate. 
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100. Ramesa tosta. 
(PL XXX, fiz. 5; Pl. XXXVI, fig. 1; Text-fig. 39.) 

Ramesa tosta Walker, Cat. V..p. 1017 (1855); Burter, Ill. Het. B.M. VI. 
p- 13, pl. 104. fig. 5 (1886); Hampson, Moths Ind. I. p. 143 (1892). 
Ramesa luridivitta Hampson, Il. Het. B.M. IX. p. 59, pl. 160. fig. 12 

(1893). 

Local distribution. Yamakita. 

General distribution. Japan, India. 

Time of appearance. August. 

A single female taken by Iro at Yamakita, Sagami, August 17, 1915. 
The specimen has the veins 6 and 7 of hindwing arising from the upper 


angle of cell. 


101. Ramesa pallida. 
(Pl. XXVI, fig. 1; Pl. XXX, figs. 3. 4; Pl. XXXVI, fig. 6.) 

Bireta pallida Butler, A.M.N.H. (4) XX. p. 473 (1877;; Ill. Het. B.M. I. 

p. 12, pl. 25. figs. 10, 11 (1878) ; Hampson, Moths Ind. I. p. 140 (1892); 

Lercu, Trans. Ent. Soc. Lond. 1898, p. 301; GrUNBERG, Seitz, Macrolep. 

IL. p. 316, pl. 56e (1912). 

Local distribution. Tokyo, Yokohama, Shikoku, Hokkaido. 

General distribution. Japan, China, India. 

Time of appearance. May, June. 


Larve feed on bamboo. 


“102. Ramesa sordita. 


Pydna sordita Wileman, 1914. p. 267. 
Local distribution. Rantaizan. 
Habitat. Formosa. 

Time of appearance. May. 


*103. Ramesa nebulosa. 


Pydna nebulosa Wileman, Entom. 1914, p. 267. 
Local distribution. Arizan. 
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Habitat. Formosa. 


Time of appearance. August. 


*104. Ramesa kanshireiensis. 


Pydna kanshireiensis Wileman, Entom. 1914, p. 322. 
Loeal distribution. Kanshirei. 
Habitat. Formosa. 
Time of appearance. May, July, September. 


Sect. IT. Forewing with the areole long; antenne of male pectinate. 


105. Ramesa straminea. 
(2G 2OSOMME aareeh IG, a(S TL MOSOxe satese als BIE 
Pl. XXXVITI, fig. 5; Text-fig. 38.) 

Ceira straninea Moore, A.M.N.H. (4) XX. p. 91 (1877); Lercu, Trans. Ent. 
Soe. Lond. 1898, p. 301; Grunpere, Seitz, Macrolep. II. p. 316, pl. 
47g (1912). 

Local distribution. Tokyo, Yokohama, Nachi, Tanabe, Usuki, Hokkaido, 
Gensan. 

General distribution. Japan, Corea, China. 

Time of appearance. May, July, August. 

The termen of the forewing in the male is evenly curved, while in the 
female it is almost straight, the ground colour of the forewing in the female 
is deeper than in the male and sometimes almost orange yellow. 

The markings of forewing are subject to considerable variations. Among 
many specimens examined by me there are some which have much darker 
hindwing. 


Larve feed on bamboo. 


*106. Ramesa southerlandii. 


Bireta southerlandii Holland, Trans. Amer. Ent. Soe. 1889, p. 73; LeEEcH, 
Trans. Ent. Soe. Lond. 1898, p. 301; Grinperc, Seitz, Macrolep. II. p. 
316 (1912). 

I have hitherto been unable to examine the type, but this may possibly 


be referable to the preceding species by judging from its original description. 
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“107. Ramesa inconspicua. 


Pydna inconspicua Wileman, Entom. 1914, p. 267. 
Local distribution. Arizan. 
Habitat. Formosa. 


Time of appearance. August. 


*108. Ramesa plumosa.' 


Bireta plumosa Leech, P.Z.S. 1888, p. 620, pl. 31. fig. 4; Trans. Ent. Soe. 
Lond. 1898, p. 300 ; GrUNBERG, Seitz, Macrolep. II. p. 316, pl. 49a (1912). 
Local distribution. Oyama (Sagami). 

Habitat. Japan. 


“109. Ramesa virgata. 


Pydna virgata Wileman, Entom. 1914, p. 266. 
Local distribution. Kanshivei. 
Habitat. Formosa. 


Antenne in male ciliated. 


*110. Ramesa albifusa. 


Pydna albifusa Wileman, Entom. 1910, p. 345. 
Local distribution. Kanshirei. 
Habitat. Formosa. 
Time of appearance. April, August. 


It is unknown to me which section this should belong to. 


Genus Pterostoma Germer (1812). 

Palpi abnormally long, fringed with long hair on the upper and under 
sides ; 3rd joint long and pointed; proboscis feeble; antennz pectinate to the 
tip; eyes naked. Legs 
hairy ; foretibize with the 


lobe reaching the end, 


hindtibize with two pairs 


Text-fig. 40. Foretibia of P. sinicum, @. x 23. 


of spurs. Forewing with 


1. A male specimen taken by Kumasawa at Komono, Ise, July 21, 1919, Belongs to Soct. Il. 
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termen more or less crenulate; a large tuft of scales at middle of inner margin 
and at anal angle; vein 5 from middle of discocellulars; 6 from just below 
upper angle of cell; 7, 8 and 9 stalked; 10 from cell and anastomosing with 
the stalk of 8 and 9 to form an areole. Hindwing with vein 5 from middle 
of discocellulars ; 6 and 7 stalked ; 8 running close along upper margin of cell. 

Larve “naked, noctuid like, moderately flat and relatively broad, with 
16 feet, and 4 rows of granules commencing on the second thoracical segment, 
the tubercles of the two lateral rows smaller than those of the middle rows, 
there being an additional similar row on each side on a level with the 
spiracles. At rest the head is held horizontally foreward, the frons being 
directed upward” (GRUNBERG). 

Pup “cylindrical with spinose anal end; in a cell in the ground lined 


with silk” (GRUNBERG). 


111. Pterostoma sinicum. 
(Pl. XXII, fig. 4; Pl. XXXVI, fig. 4; Text-fie. 40.) 


Pterostoma sinica Moore, A.M.N.H. (4) XX. p. 91 (1877); Sravuprnarr, Cat. 
Lep. pal. p. 111 (1901); Grunpere, Seitz, Macrolep. IT. 309, pl. 47a, b 
(1912). 

Plerostoma sinicum LrEcH (nec Moore), Trans. Ent. Soc. Lond. 1898, p. 314. 

Plerostoma palpina var. gigantea StaupINGER, Rom. Mém. VI. p. 363 (1892). 

? Pterostoma palpina MarsumurA (nec Linnaeus), Cat. Ins. Jap. I. p. 38 
(1905). 

Local distribution. Tokyo, Yokohama, Oiwake, Kaga, Nagasaki, Hakodate. 
General distribution. Japan, China, Siberia. 

Time of appearance. April—August. 

The species are very variable in colour, size and shape of forewing. 
Prof. Matsumura states the presence of P. alpina in Japan, but it is 


very doubtful. 


Genus Gluphisia Boisduval (1829). 


Head and thorax woolly haired, abdomen also more or less woolly. Palpi 


minute fringed with long woolly hair, obliquely down-turned ; proboscis 
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present ; eyes sparsely hairy. Legs woolly; foretibie with the lobe reaching 

the end, hindtibize with a pair of 

Pe papgp a eh spurs. Forewing rather broad with 

eS = the anal angle not distinct ; vein 5 

seeeae at WOR TECn TG. frocateat ace from middle of discocellulars ; 6 from 

upper angle of cell or stalked with 

7, 8, 9 and 10; 11 free; no areole. Hindwing with vein 5 from middle of 

discocellulars which are inwardly angled at middle; veins 6 and 7 stalked to 
beyond middle; 8 running close along uppar margin of cell. 

Larvee. “Body nectuiform, tapering toward each end; smooth, entirely 
unarmed. Head rounded, smooth, with a black stripe on each side. Body 
with a subdorsal yellow line on each side of back, otherwise pale green, or 
witn several dorsal pink patches” (Packard). 

Cocoon. “Slight and thin, spun between leaves” (Packard). 

Pup. “ Flattened, oval, rounded obtusely at each end; cremaster obsolete, 
with no traces of spines” (Packard). 


Geographical distribution. Palearctic and Nearctic. 


112. Gluphisia japonica. 
(Pl. XXIII, fig. 4; Pl. XXXV, fig. 5; Text-fig. 41.) 


Gluphisia japonica Wileman Trans. Ent. Soc. 1911, p. 289, pl. 30. fig. 12; 
Grinberg, Seitz, Macrolep. II. p. 295 (1912). 
Loeal distribution. Sapporo, Hakodate, Tobetsu, Kyoto. 
Habitat. Japan. 
Time of appearance. June, August. 


This may possibly be identical with G. amurensis, form of G. crenata. 


Genus Micromelalopha Nagano (1916). 


Palpi short, hairy, obliquely porrect, 3rd joint very small; proboscis 
feebly developed; antenne pectinate to the tip in both sexes, the branches 


shorter in female; eyes hairy. 
a Legs hairy, foretarsi and tibie 
LL thickly haired as in Melalopha ; 


Text-fig 42. Foretibia of ¥. troglodyta, &.x23.  foretibize with the lobe not reaching 
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the end, hindtibize with a pair of spurs. Forewing without tuft of scales on inner 
margin; vein 5 absent; 6 from close upper angle of cell; 7, 8, and 10 free 
from cell; no areole. Hindwing with vein 5 absent; 6 and 7 stalked; 8 
running close along upper margin of cell. 

Larve “cylindrical, naked, each wart bearing single hair pupating in the 
ground” (Nagano). 

Geographical distribution. Palearctic. 
7 


Nacano states that vein 7 of the forewing is absent, but my examination 


proves that vein 5 is absent instead of vein 7. 


113. Micromelalopha troglodyta. 


(BL Xe ie. 255 Pl. XEXTX, fies US PL XXX VE fie: Tr; 
Text-fig. 42.) 


Pygera troglodyta Greser, Berl. ent. Zeit. 1980, p. 12; Sraupincrr, Rom. 
Mém. VI. p. 372, pl. 5. fig. 7 (1892); Cat. Lep. pal. p. 112 (1901) ; 
WitemMaN, Trans. Ent. Soc. Lond. 1911, p. 297; Gritneerc, Seitz, 
Macrolep. I. p. 314, pl. 47f (1912). 

Pygera sieversi Staudinger, Rom. Mém. VI. p. 370, pl. 5. figs. 6a, b (1892) ; 
Nacano, Bull. Nawa Ent. Lab. I. p. 10, pl. 3. figs. 33-43, pl. 9. fig. 
11, larva (1916). 

Local distribution. Yoshino, Gifu, Shimashima. 
General distribution. Japan, Siberia. 


Time of appearance. May, July, August. 


Genus Gonoclostera Butler (1877). 


Palpi obliquely porrect, 3rd joint moderate and pointed ; proboscis feeble ; 
antennee pectinate to the tip in both sexes; eyes hairy. Thorax thickly haired 
with a slight crest at middle. Legs 

hairy, but not so in Melalopha ; 

= foretibie with the lobe reaching 

the end, hindtibize with two pairs 
Text-fig. 43. Foretibia of G. timonide:, &. x23.. : P 
of spurs. Forewing with termen 


excised below apex and angled between veins 4 and 5; no tuft of scales on 
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inner margin; vein 5 from middle of discocellulars; 6 from upper angle of 
cell; 7, 8, 9 and 10 stalked; 11 free from cell; no areole. Hindwing with 
vein 5{absent; 6 and 7 stalked; 8 running close along upper margin of cell 
and: connected with it by a bar. 

Larve cylindrical, slightly humped at middle, sparsely haired, with 16 feet. 


Geographical distribution. Palearctic. 


114. Gonoclostera timonides. 


(PL XXII, fig. 18; Pl. XXXI, fig. 5; PL XXXVI, ‘fig: 5; 
Text-fig. 43.) 


Pygera timonides Bremer, Lep. Ost-Sib. p. 45, pl. 5. fig. 3 (1864) ; OBERTHUR, 
Etud. Ent. X. p. 13, pl. 2. fig. 2 (1884); Lercu, Trans. Ent. Soc. Lond. 
1898, p. 318; SrauprNcer, Cat. Lep. pal. p. 112 (1901); GRUNBERG, 
Seitz, Macrolep. II. p. 313, pl. 47f (1912); Naaano, Bull. Nawa Ent. 
Lab. I. p. 9, pl. 3. figs. 22-32, pl. 9. fig. 14, larva (116). 

Pygera timoniorum Bremer, l.c. pl. 5. fig. 3. 

Gonoclostera latipennis Butler, A.M.N.H. (4) XX. p. 476 (1877). 

Ppgera trimonides Matsumura (nec Bremer), Cat. Ins. Jap. I. p. 39 (1905). 
Local distribution. Tokyo, Kaga, Gifu, Matsumoto, Yokohama, Nikko, 

Hakodate. 

General distribution. Japan, China, Siberia. 


Time of appearance. April—September. 


Genus Densitas n. gn. 


Pulpi obliquely upturned to middle of frons, first two joint fringed with 
long woolly hair, 3rd minute ; proboscis vestigial ; antennze in male pectinate 
to the tip; eyes naked. Head, thorax and abdomen woolly haired. Legs 
woolly ; foretibize with the lobe reaching the end, hindtibie with a pair of 
spws. Forewing without tuft of scales on inner margin; vein 5 from middle 
of discocellulars; 6 from upper angle of cell; 7, 8, 9 and 10 stalked; 11 
free from cell; no areole. Hindwing with vein 5 from above middle of 
discocellulars ; 6 and 7 stalked; 8 running close along uppar margin of cell ; 


frenulum absent. 
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Early stages unknown. 
Type. D. permagnum. 


Geographical distribution. Palearctic, 


115. Densitas permagnum. 
(Pl. XXII, fig. 15; Pl. XX XVIII, fig. 8.) 


Drymonia permagna Butler, Trans. Ent. Soc. Lond. 1881, p. 20; Lrxca, 
Trans. Ent. Soc. Lond. 1898, p. 304; GruNBERG, Seitz, Macrolep. II. 
297 (1912). 

Zangra ziozankeana Matsumura, Zoku-senchiu-zukai. I. p. 65, pl. 10. fig. 19 
(1909). 

Loeal distribution. Tokyo, Shinano, Ziozankei. 
Habitat. Japan. . 
Time of appearance. August. 


POSTSCRIPT. 


When I was going to put my manuscript to press, Prof. MarsumuRA 
published his paper on the Japanese Notodontidse in the Zoological Magazine, 
Vol. XXXII. No. 365 (in Japanese). He recognized the following new and 


unrecorded species : 


Dudusa sphingiformis Moore. 
Pheosia dictceoides Esper. 

Somera viridifusca Walker. 
Pygopteryx suava Staudinger. 
Ramesa tosta Walker. 

Drymonix daisenensis Matsumura. 
Hupodonta lignea Matsumura. 
Shachia subrosea Matsumura. 


Epinotodonta fumosa Matsumura. 


Hyperceeschra suzukiana Matsumura. 


Hi. serrata Matsumura. 


HT. angustipennis Matsumura. 


Nikko. 

Sappore, Shinano. 
Formosa. 
Sappore Gifu. 
Izu. 

Hoki. 

Sapporo, Nikko. 
Sapporo. 
Shinano. 

Kyoto. 

Kyoto. 


Kyoto. 


350 N. MARUMO: 


TT. nigricollalis Matsumura. 
Lophopterya kuwayame Matsumura. 
L. jezoensis Matsumura. 

Phalera angustipennis Matsumura. 
P. takcsageensis Matsumura. 


P. jezensis Matsumura. 


Sapporo. 

Hakodate, Sapporo. 
Sapporo. 

Tokyo. 

Harima. 


Sapporo, Kyoto. 


On account of the earlier publishing of his paper the names adopted by 


me in the present paper should be synonymous as follows: 


Yazawaia japonica=Epinotodonta fumosa Matsumura. 


Hupodonta absoleta=Hupodonta lignea Matsumura. 


His new species—Shachia subrosea, Phalera angustipennis—should be 


synonymous as follows: 


Shachia subrosea Matsumura—Microhoplitis circumseripta Butler. 


Phalera angustipennis Matsumura—Phalera fuscescens Butler. 
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EXPLANATION OF PLATES. 
PLATE XXII. 


Fig. 1. Hyperceschra taivana n. sp., &- 


Fig. 2. Phalera assimilis Brem. et Grey, 2. 
Fig. 3. Euhampsonia cristata But., 6. 

Fig. 4. Pterostoma sinicwum Moorg, &-. 

Fig. 5. Uropyia meticulodina Osrrtu., ©. 
Fig. 6. Macrurocampa siqgmata Butu., &. 
Fig. 7. Hoplites milhauseri Fasr, 2. 

Fig. 8. Microhoplitis circumscripta Burn, &. 
Fig. 9. Brachionycoides atrovittatum Brem., 2. 
Fig. 10. Ochrostigma punctatella Morscu., 9. 
Fig. 11. Hupodonta obsoleta n. sp., &- 

Fig. 12. Lophocosma atriplaga Sravup., ©. 
Fig. 13. Cerura erminea menciana Moorr, ©. 
Fig. 14. Tarsolepis sommeri Htzy., &- 

Fig. 15. Notodonta stigmatica GruNBERG, ©. 
Fig. 16. Urodonta virilimixta Bre, 2. 

Fig. 17. Lophodonta greeseri Stauv., &- 


Fig. 18. Gonoclostera timonides Brem., @. 
Fig. 19. Lophontosia pryeri Butu., &. 
Fig. 20. L. cuculus Staup., &. 

Fig. 21. Drymonia lineata Osenta., &.- 
Fig. 22. Ptilophora plumigera Esp., & 
Fig. 23. Hyperceschra biloba Ozentu., 2. 
Fig. 24. H. tenebrosa Moonr?, ©. 


PLATE XNIII. 


Fig. 1. Pheosia dictwoides Esp., &. 
Fig. 2. Stawropus basalis Moors, 2. 
Fig. 3. Cnethodonta grisescens Staup., 2. 
Fig. 4. Gluphisia japonica Wireman, 6. 
Fig. 5. Egonocia cyanea Lercu, ©. 
Fig. 6. FE. nachiensis n. sp., &. 
Fig. 7. E. formosana n. sp., ©. 
Fig. 8. Fentonia ocypete Brew, ©. 

itt) 


. Leucodonta bicoloria Scurr., ©. 
Fig 10. Gangaridopsis citrina Wireman, 6. 
Fig. 11. Nerice davidii Opertu., ©. 
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Fig. 
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Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
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Fig. 
Fig. 
Fig. 
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Fig. 


Fig 


Fig. 3. Do. of Brachionycoides atrovittatumn, &. x38. 


13. 
14, 
15. 
16, 
17. 
18. 


a. 
. 2. 


Mierephalera grisea Buts., 6. 

Allodonta leucodera Staup., &. 

Yazawaia japonica n. sp., &- 

Densitas permagnum Born, &-. 

Ramesa straminea Moorr, &. 

DOP. 

Spatalia cinnamomea LeEcu, ©. 

S. plusiotis OprrtTH?, &. 

S. dives OpertH., &. 

Lophopteryx capucina girafina Hiny., &. 
L. saturata hegei Grms., &. 
Ochrostigma japonica WILEMAN, &-. 
Wilemanus bidentatus W1mEMAN, 2.. 
Micromelalopha troglodyta Grxs., &. 
Himeropteryx miraculosa Sraup., S. 
Larva of Fentonia ocypete. 

Cocoon of do. 

Pupa of do. 

Larva of Egonocia cyanea. (Yamada del.). 
Cocoon of E. cyanea. 


Pura of do, 


Larva of Hupodonta pulcherrima corticalis, about x 2. 


PLATE XXIV. 


A part of antenna of Phalera flavescens, &. x 25. 


Do. of do., 2.x 25. 

Do. of Phalera assimilis, &. x25. 
Do. of do., 9. x 25, 

Do. of Urodonta viridimixta, 9.. x 37. 
Do. of Spatalia cinnamomea, &. x37. 
Do. of S. plusiotis ?, @. x37. 

Do. of Spatalia derriesi, &. x37. 
Do. of S. dives, &. x37. 

Hind-leg of Phalera assimilis, 9.. x5, 
Do. of Spatalia cinnamomea, &. x8. 
Do. of derriesi, .x7. 

Do. S. plusiotis ?, &. x7. 


PLATE XXV. 


A part of antenna of Lophopteryx capucina girafina, &. x37. 


Do. of Ochrostigma manleyi, &. x38. 
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Fig. 4. 
Fig. 5. 
Fig. 6. 
Fig. 7. 
Fig. 8. 
Fig. 9 
Fig. 10. 
Fig. 1. 
Fig. 2. 
Fig. 3. 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Fig. 7. 
Fig. 8. 
Fig. 9. 
Fig. 10. 
Fig. 1. 
Fig. 2. 
Fig. 3. 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Fig. 7. 
Fig. 8. 
Fig. 9. 
Fig. 10. 
Fig. 11. 
Fig. 12. 
Fig. 13. 
Fig. 14. 
Fig. 15. 
Fig. 16. 
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Do. of Yazawaia japonica, &. x37. 

Do. of Lophopterys ladislai, &. x 37. 

Do. of L. admirabilis, &. x 37. 

Do. of Allodonta leucodera, @. x 37. 

Hind-leg of Yazaoeuia japonica, &.x7T. 

Do. of Lophopteryx capucina giraffina, &. xT. 
Do. of Nerice bipartita, &.x6. 


PLATE XXVL 


A part of antenna of Ramesa pallida, &. x37. 
Do. of Hyperaeschra tenebrosa ?, &. x 37. 

Do. of Macrurocampa sigmata, &. x37. 

Do. of Lophodonta greeseri, &. x37. 

Do. of Hyperceschra basilinea, &. x 37. 

Do. of Macrurocampa variegata, &. x37. 

Do. of Lophodonta monetaria, G. x38. 
Hind-leg of Hyperceschra tenebrosu, &. x6. 
Do. of Lophopteryx admirabilis, G. x7. 

Do. of Urodonta viridimixta, &. x7. 


PLATE XXVU. 


A part of Notodonta dembouskii, &. x37. 
Do. of Fentonia ocypete, &.x 37. 
Do. of Wilemanus bidentatus, &. x38. 
Hind-leg of Macrurocampa variegata, G.x5. 
Do. of Microphalera grisea, &. x5. 
Do. of Ochrostigma manleyi, &. x7. 
Do. of Stauropus basalis, &. x7. 
Do. of S. fagi, &. x6. 
Do. of Lophocosma atriplaga, &.x5. 
Do. of Tarsolepis sommeri, &. x6. 
Do. of Hoplites milhauseri, G.x 6. 
Do. of Lophontosia pryeri, &. x6. 
Do of Brachionycoides atrovittatum, &. x6. 
Palpus of Hoplites milhauseri, &. x 28. 
Do. of Microhoplitis circumscripta, &. x37. . 
Do. of Lophontosia pryeri, &. x 37. 


PLATE XXVIL 


Fig. 1. Palpus of Tarsolepis sommeri, &. x 25. 
Fig. 2. Do. of Phalera assimilis, &. x33. : 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
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Fig. 
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Do. of P. flavescens, &. x38. 

Do. of Spatalia cinnamomea, &. x33. 
Do. of S. ornata, G. x 25. 

Do. of S. plusiotis ?, @. x37. 

Do. of Cnethodonta grisescens, &. x 37. 
Do. of Spatalia derriesi, &. x 25. 

Do. of S. dives, &. x 38. 

Do. of Stauropus basalis, &. x 37. 
Do. of Lophocosma atriplaga, &. x 23. 


PLATE XXIX. 
Palpus of Allodonta leucodera, &. x 37. 
Do. of Yazauaia japonica, &. x37. 
Do. of Fentonia ocypete, &. x37. 
Do. of Hyperceeschra tenebrosa ?, &. x37. 
Do. of H. biloba, &. x 38. 
Do. of Brachionycoides atrovittatum, &. x 38. 
Do. of Urodonta viridimixta, @. x 23. 
Do. of Cerwra vinula &. x38. 
Do. of Pheosia dictwoides, @.x 38. 
Palpus of! Microphalera grisea, &.x 37. 
Do. of Micromelalopha troglodyta, &. x38. 
Do. of Melalopha anachorela, &. x38. 


PLATE XXX. 


Palpus of Ramesa straminea, ©. x38. 
Do. of do., 2. x33. 
Do. of Ramesa pallida, G. x38. 
Do. of do., 2. x38. 
Do. of Ramesa tosta, 2. x 38. 
Do, of LHupodonta pulcherrima corticalis, &. x 23. 
Do. of Lophodonta greseri, &. x 38. 
Do. of Macrurocampa variegata, &. x37. 
Do. of Notodonta dembouskii, &. x37. 
Do. of Drymonia trimacula dodonides, &. x38. 
Do. of Wilemanus bidentatus, G. x38. 
Do. of Nerice bipartita, &. x 23. 
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Palpus of Lophopteryx capucina girafina, &. x23. 
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Fig. 2. Do. of ZL. almirabilis, &. x37. 

Fig. 3. Do. of Ochrostigma manleyi, &. x 23. 

Fig. 4. Do. of Eqgonocia cyanea, &. x23. 

Fig. 5. Do. of Gonoclostera timonides, & x37. 

Fig. 6. Do. of Euhampsonia cristata, &. x 23. 

Fig. 7. Do. of Macrurocampa siqmata, &. x 23. % 
Fig. 8. Wings of Phalera flavescens, &.x3. a, head of do., &. 

Fig. 9. Do. of Tarsolepis sommeri, &.x2. a, head of do., &. 06, lateral view of do., &- 
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Fig. 1. Wings of Stawropus fagi, &.x2. a, head of do., &. 

Fig. 2. Do. of S. basalis, G.x3. a, head of do., 6. 6, a part of forewing of a specimen 
of do, showing the vein 1a not connected with 1b to form a folk at base. x 23. 

Fig. 3. Do. of 8. cinnamomea, 2..x4. a, head of do., &. 

Fig. 4. Do. of S. ornata, @.x4. a. head of do., &. 

Fig. 5. Do. of 8. derrieri, &.x3. a, head of do, &. 


PLATE XXXII 


Fig. 1. Wings of Brachionycoides atrovittatum, 9..x2. a, head of do., @. 

Fig. 2. Do. of Uropyia meticulodina, &.x2. a, head of do, &. 

Fig. 3. Wings of Lophocosma atriplaga, &.x2. a, head of do., . 

Fig. 4. Do. of Microphalera grisea, @.x3. 

Fig. 5. Do. of Leucodonta bicoloria, @.x3. a, head of do., @. 

Fig. 6. Do. of Lophontosia pryeri, G.x4. a, head of do, &. 

Fig. 7. Do. of Fentonia ocypete, &.x3. a, b, heads of do., ©. 

Fig. 8. Do. of Wilemanus bidentatus, &.x3. «a, head of do., 6. 
PLATE XXXIV. 

Fig. 1. Wings of Spatalia dives, &.x3. a, head of do., @. 

Fig. 2. Do. of S. plusiotis ?, &.x3. a, head of do., 6. 

Fig. 3. Do. of Ochrostigma japonica, &.x4. a, head of do., &. 

Fig. 4. Do. of 0. manleyi, G.x3. a, head of do., 6. 

Fig. 5. Do. of Cnethodonta grisescens, &.x3. a, head of do., ©. 

Fig. 6. Do. of Microhoplitis circumscripta, &.x3. a, head of do., ©. 

Fig. 7. Do. of Cerura vinula ©. x2. 

Fig. 8. Hind-wing of @. lanigera, &.x4. a, head of do, ©. 


PLATE XXXvV. 
Fig. 1. Wings of Euhampsonia cristata, &.x2. a, head of do., &. 
Fig. 2. Do. of Urodonta viridimixta, @.x2. a, head of do., ©. 
Fig. 3. Do. of Allodonta leucodera, &.x3. a, head of do., &. 
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Do. of Yazawaia japonica, &.x3. a, head of do., &. 
Do. Gluphisia japonica, &.x3. a, head of do., &. 


Do. of Macrurocampa sigmata, &.x3. a, head of do., &. 


PLATE XXXVI. 


Wings of Hoplites milhauseri, &.x3. a, head of do., &. 
Do. of Lophodonta monetaria, &.x3. a, head of do., &. 
Do. of Gangaridopsis citrina, &.x2. a, head of do., @. 

Do. of Pterostoma sinicum, &.x2. a, head of do., &. 

Do. of Gonoclostera timonides, @.x4. «a, head of do. &. 
Do. of Hiyperceschra biloba, G.x3. a, head of do, ©. 

Do. of Micromelalopha troglodyta, 9..x4. a, head of do., &. 
Do. of Lophopteryx ladislai, &.x3. a, head of do., 8. 


PLATE XXXVIL 


Wings of Ramesa tosta, 9 x3, a, head of do, 2. 

Do. of Lophopteryx capucina girafina, &.x3. a, head of do., @. 
Do. of Eygonocia nachiensis, &.x3. a, head of do., &. 

Do. of Eyonocia cyanea, 5.x3. a, head of do, ©. 

Wings of Ramesa straminea, &.x3. a, head of do, @. 

Do. of R. pallida, &.x3. a, head of do., 6. 


PLATE XXXVIII. 


Wings of Pheosia dictceoides, &.x3. a, head of do., ©. 

Do. of Hyperceschra tenebrosa? &.x3. a, head of do., &. 

Do. of Macrurocampa variegata, &.x3. «a, head of do., @. 

Do. of Hupodonta pulcherrima corticalis, &.x4. «a, head of do, &. 
Do. of Melalopha anastomosis, &.x4. a, head of do, ©. 

Do. of M. anachoreta, &.x4. «a, head of do, 6. 

Do. of Nerice davidii, &.x2. a, head of do, ©. 


Do. of Densitas permagnum, &.x2. 


PLATE XXXIX. 


Wings of Drymonia trimacula dodonides, &.x3. a, head of do. ©. 

Do. of Notodonta dembowskii, &.x3. a, head of do., ©. 

Do. of Hyperceschra basilinea, &.x3. a, head of do, &. 

Do. of Macrurocampa delia, &.x3. a, head of do, ©. 

Do. of Ptilophora plumigera, &.x4. a, head of do., &. b, Hind-leg of do., 6. x7. 
Do. of Himeropteryx miraculosa, &.x3. a, head of do., 6. 

Do. of Phalera combusta, &.x25. a, head of do., @. 

Hind-leg of Allodonta leucodera, &. x6. 
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Studies of the Structure and the Nuclear Division 
in a Japanese species of Opalina, 
O. japonica, nov. sp. 


by 
Takesi Sugiyama. 


(From the Laboratory for Agricultural Zoology, 


Director : Professor Cutyomastu IsHrkawa.) 


With Plates XL-XLIT and one Text-Ficure. 


In the year 1915, Professor Cutyomatsu IsHikawa suggested that I should 
study the Japanese species of Opalina, with the remark that it would be very 
interesting to compare it carefully with those of the European and American 
species, especially as the former have been so thoroughly worked out by M. 
Mercanr, so that their structure, the nuclear division, and the reproductive 
processes have, to a great extent, been brought to light. These are the 
points I have to elucidate, and especially the processes connected with the 
conjugation and the reproductive cycle, which, in spite of the beautiful work 
of MercaLr, are still to a great extent not cleared up. I regret to say, 
however, that all my endeavours on these latter points have failed to add 
anything to the observation of my predecessors. Professor IsHrKawa not 
only guided me step by step, but also gave me constant advica during the 
course of the work and in preparing the manuscript. For all this, and also 
for permitting me to devote so much time to this study, I have to thank him 
as well as the Dean of the College, Professor Y. Kozar, most heartily. To 
Professor N. Yarsu, who gave me advice as to the staining and sectioning, 
and to Dr. J. Macuma, my thanks are also due. 

All the work was done in the Zoological Laboratory in the College of 


Agriculture. The results I obtained were mostly on the structure of the 
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animal as well as on the nuclear division, all my trials in search of the 
conjugation having so far failed to give me material enough for the investigation. 
Since the search for the conjugating individuals in the rectum of tadpoles of 
the grass-frog caught in ponds, ditches, and in rice-fields, failed me, I 
injected, during the spring of 1916 and 1917 the cyst taken from the rectum 
of the adult frog, and found many small individuals hatching out from 
them, and freely swimming in the rectum of the tadpoles; but the conjugating 
individuals were so few, that no successful observations could possibly be 
made. I hope, however, that my injection experiments, when long continued, 
will give me enough materials for my work, and so that I may be able to 
report some results in this line of investigation at a future opportunity. 

The species on which the following observations were made is a 
multinucleated one, differing from all the known species in its shape, the 
relative diameters and in the number of the nuclei, but especially in the 
mode of division of its body. These differences justify me in distinguishing 
it from all the others, so far as they are known to me, and to name it the 
Japanese species of Opalina: “ Opalina japonica.” 

In addition to the present species, several others were found in our 
erass-frog, most of which appear to be new. These I hope to describe in a 


separate paper. 


Materials and Methods. 


’ 


“ Opalina japonica” can be obtained abundantly from the rectum of the 
Japanese grass-frog, Akagaeru (Rana japonica), but is never met with in our 
edible frog (Rana esculenta). It is, however, to be found in the rectum of 
Bufo formosus, a fact which will appear rather curious, as it does not occur 
in the edible frog which of course is much nearer related to the grassfrog 
than the toad. This curiosity can possibly be explained by the fact that 
the oviposition of Rana japonica and Bufo formosus takes place nearly at the 
same time, i.e. in early spring, February and March, and in the same place, 
so that the tadpoles of both Rana and Bufo are found swimming together 
in the same stagnant water. This causes the cysts of Opalina japonica to be 


eaten by the tadpoles of both animals, whereas our edible frog lays eggs at 
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a much later season, i.e. in May and June. This appears to be the reason 
why the same Opalinae are found in both the grass-frog and the toad, but 
not in the edible frog. 

The parasite is found chiefly in the upper part of the rectum scattered 
between the rectal contents and the rectal wall, but it also cecurs in the 
terminal portion of the intestine, where it is sometimes found abundantly, as 
shown in the photograph, Fig. 38 Pl. XL. 

All the species of Opalina which Mercatr studied show that the parasites 
are found only in the upper portion of the rectum, and when these are found 
in the lower portion of the small intestine it is considered only as an 
abnormal condition. On this point he says: ‘In frogs or toads which have 
been dead for some hours, the Opalinae are often found also in the lower part 
of the intestine, and occasionally, in frogs that were evidently diseased, I 
have found the posterior part of the intestine to contain some Opalinae. 
Several species of Opalina have been reported from the intestines, as well as 

‘the recta, of their host. It is possible that these reports are based on 
observations upon diseased frogs and toads, or upon those that were dead 
sometime before they were examined.” As now stated I can neither accept 
this statement of Mrrcaur, who considers the occurrence of Opalinae in the 
lower part of the intestines as an abnormality, nor the report of Licrr & 
Dvusosca, in which Opalina saturnalis is stated to occur in the whole intestine 
of Box boops. 

The Opalina is generally not found alone, but in company with a species 
of a small Nematod, a Distoma, a Nyctotherus and a Balantidium. But 
when one species of Opalina is found in a rectum, no second species of the 
genus occurs in the same. 

For the study of the living animal, PtiTEr’s solution was used as a 
culture medium, but the normal salt solution (0. 69%) and Locks’s fluid were 
also used. The first of these seemed to be the best, but the animal kept in 
it did not live longer than four days. Pieces of the wall of the frog's rectum 
and the rectal contents added to the above solution, proved to produce 
better results; the parasites living over nine to eleven days. 

For fixing the animal, FLemmrna’s strong solution, Isaixawa’s formol- 


alcohol (to nine parts of 359% alcohol plus one part of 409% of formalin), 
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ScHAUDINN’s alcoholic corrosive-sublimate, corrosive-sublimate-acetic acid ete. 
were used. Among these, corrosive-sublimate-acetic acid gave the best result, 
so that this fixative was exclusively used for the present work. 

Staining the animals in toto was also tried. To this end DELarrmenp’s 
haematoxylin, MAYER’s paracarmine, GRENACHER’S borax-carmine, and Bismarck- 
brown were used. These, however, gave no clear pictures, so that I gave up 
the method and always stained them after sectioning. 

The sectioning method chiefly used, was to cut the animals together with 
the rectum. The rectum containing the animals is first cut off from the frog, 
and when too much contents was found, this was taken out by means of a 
very fine pointed pincette. It was then fixed, washed well, dehydrated as usual 
and imbedded in paraffin and cut. By this method, when the rectal contents 
are carefully taken out, the section can be cut in thickness of 3-4». 

For staining the sections almost all known kinds of dyes were used ; such 
as DELAFIELD’s haemetoxylin, HErmrNHAtn’s iron-haematoxylin, GRENACHER’S 
borax-carmine, iodine-green, aceto-carmine, BronpI-HEIDENHATN’s three colour 
mixture, rosanilin followed by iodine-green, safranin O, safranin O followed 
by acid-violet, acid-violet, HEIDENHAIN’s iron-haematoxylin followed by acid- 
fuchsin, Bismarck-brown followed by acid-violet, methyl-green S-fuchsin, and 
nigrosin. The best differential staining was obtained with BronpI-HEmENHATN’s 
three colour mixture, while the finest details of structure were seen with 
HEIDENHAIN’S iron-haematoxylin followed by acid-fuchsin and Methylgreen 
S-fuchsin. 

For the study of the sections, the light from a Graetzinlight gas lamp 
was used as an illuminant, and sometimes Nrrnst’s electric lamp (0'5 Amp) 
was also used. In both cases, a green screen glass was put at the diaphragm 


of the microscope, which intensifies the brightness of the image. 


I. Morphological Observations. 


The body strongly flattened, but not so flat as O. ranarum, showing a 
nearly oval shape in side view. In Text-fig. 1 the morphological anterior 
end is represented by A to B and the posterior end by C to D. The rows 


of basal granules of cilia lie longitudinal to the axis (a-b in text) of the 
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body, and the cross section of the body always shows an elongated spindle 


shape. 


Text-fig. 1. 


its special remarkable shape in facial views. 


to the proportion of the length to the breadth of the 


concerning the proportion between the length 


According to BrzZZENBERGER’S table, O. japonica 
ought to come closer to Q. obtrigona rather than O. 
lata or O. ranarum, as it is longest at a point a little 
anterior to the middle portion of its breadth. But 
and 
breadth of the body, there is comparatively a large 
difference between O. japonica and O. obtrigona, from 
which latter the former can easily be distinguished by 


According 


body, it is, however, more difficult to distinguish O. japonica from O. lata or 


O. ranarum than from O. obtrigona. 


But the measurements given in the 


table will show that O. japonica is sufficiently distinct from either lata or 


ranarum. 


Species O. japonica 0. lata O. ranarum 
Length and length breadth length breadth length breadth 
breadth 
of the body 0:2302 0-180 0-300 0-199 0:800 0-600 
mm. mm. mm. mm. mm. mm. 
Diameter of ’ ; 
ane) SATIS 0-005- - - -0:0062 0:0049 mm. 6-008 - - - -0:010 
mm. mm. 


The length and the breadth of 100 specimens of Opalina japonica were 


measured as shown in the table. 


Table I. 

z=! S| z= a a ie a a a os a 3 

NS or Ss = Ls} — is! od Ls} S . s 

No. Es : No. 30 g No. op g No. oo § No. oO 5 No. oo g 
1| 0-23) 018418) 0-18] 0:13] 35 | 0-24] 0:15 | 52] 0.22) 0:16] 69 | 0.29 | 0:24] 86 | 0:24 | 016 
2/ 0:22 | 0-15] 19 | 0-28 | 014] 36 | 0-21 | 0:16 | 52} 0-22] 0-16] 70} 0:22] 0-18} 87 | 0:25 | 0:22 
3 | 0:22] 020] 20} 0-22} 017137) 0:25) 0:21 | 54} 0:22] 019) 71 | 0-25 | 0-22] 88) 0:25) 0-22 
4 | 0:23 | 0:20 } 21 | 0:25) 0-18] 38} 0:24] 0:22} 55] 0:24) 0:20] 72] 0-21} 0:18; 89} 0:25) 0-16 
5 | 0:23 | 0-20 | 22 | 0:23} 0-18 } 39 | 0:20 | 0:16 | 56 | 0:20 | 015 | 73 | 0-22] 013] 90] 0:24] 016 

| 
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a | a cs a be a 2 A a 4 ce 

4 5 = 4 4 a 2 4 = a & 5 
6 | 0-20] 0-16 | 23 | 0-27} 0-22] 40] 0-24 | 0-22 | 57 | 0-20] 0-17] 74 | 0-25 | 0-20] 91] 0-24] 0-15 

0-29 | 0:22 | 24] 0-22 | 0-20] 41] 0-25 | 018} 58 | 0-24 | U18]75 | 0-21 | 020] 92| 025] 018 

0-22 | 0-18 | 25 | 0:29 | 0-20 | 42 | 0-24 | 018 | 59 | 0-25) 0-20} 76] 0-27 | 024/93) 024] 0-16 
9 | 018 | 0-12} 26 | 0:20} 0-18] 43 | 0-24 | 0-174 60 | 0:22) 014477) 0-27} 022]94| 0-24) 0-16 
10 | 0:22 | 016} 27] 0-23] 018] 44 | 0-22] 015461] 0-18 | 0-15} 78] 0-25] 016495} 0:24] 018 
11 | 0-20 | 0-14] 23] 0-22} 016 | 45] 0-22 | 018 | 62) 017 | 012] 79 | 0-22} 018] 96] 0-24] 0-21 
12 | 0-22 | 018} 29 | 0:22] 015] 46! 0-24 | 0:21] 63 | 019 | 9:15} 80) 0-25} 019197) 0-25} 0.21 
13 | 0:20 | 014130] 0-20] 0-16-] 47 | 0-19 | 014 | 64 | 0-25 | 0-20; 81] 027] 025198 | 0-25] 0-20 
14 | 0-23 | 9:20} 31 | 0:22) 0-18 | 48} 0-22] 0:20] 65 | 0-17} 0-13) 82] 0-24] 0-18] 99 | 0-25 | 0-20 
15 | 0:27 | 0:22 132] 016 | 015149) 0-22! 0-17] 66 | 0-25 | 0-20} 83 | 0-25] 0-20 |100 | 0-25} 0-22 
16 | 0:25 | 0-201 33 | 0-25 | 0-19] 50 | 0-20 | 0-18} 67 | 0-20 | 0-14 | 84] 0-24 | 0-15 jTotal) 23-02 | 18-00 
17 | 019 | 016] 34] 0-18 | 015 | 51 | 0-22] 0-18} 68] 0-25 | 0-21 | 85 | 0-27 | 0-25 HAfer"| 0-2302) 0-180 


The division of the body is preceded by a change of form from an oyal 


to a nearly spherical shape, in which the transverse axis becomes even longer 
than the longitudinal, so that the animal now appears as if moving with its 
side directed forward. The division always takes place longitudinally and 
cuts the animal into two halves. These halves are not quite equal, in-as- 
much as one half is usually small and semilunar in shape, while the other 
half is a little larger and smooth quadrilateral. This is the condition in the 
majority of cases, though exceptions in the size and form of the component 
halves occur very frequently, as may be seen in Fig. 25. This figure shows 
a dividing animal in a little more advanced stage, in which separation of the 
halves is taking place at the anterior end, which is usually the case, as 
Metcatr observed in the division of O. intestinalis in the period of gamete 
formation. 

According to the same author, the division of the body in Opalina intestinalis 
has a quite close relation with its nucleus. His statement on this point is 
as folows:— “Division of the body in O. intestinalis is usually longitudinal. 
In one series of preparation of individuals which were probably slightly 
abnormal, only one of the two nuclei in each individual having a nucleolus, 
I found that the condition of the nucleolus gave a criterion enabling one to 


estimate the relative frequency of transverse division. In individuals resulting 
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from a transverse division, the posterior daughter cell, when its nucleus com- 
pleted its division, showed the nucleolus in the posterior of its two nuclei ; 
the anterior daughter cells, in a corresponding stage, showed the nucleolus in 
the anterior of its two nuclei. Only young anterior and posterior daughter 
cells can with certainty be distinguished by their form and general appearance. 
In the preparations of abnormal individuals the nucleolar relations were, 
without exception, as described in the case of the young daughter cells, and 
doubtless held good for the older cells. In the case of longitudinal division 
of the body each daughter cell, when its nucleus divides, shows the nucleolus 
in the posterior nucleus. Eight per-cent of the individuals on these slides 
show the nucleolus in the anterior nucleus. We can therefore estimate that 
sixteen per-cent of the divisions were transverse.” Murrcanr states further 
that the division of O. caudata is usually longitudinal, but the transverse 
division is of the same character and about as frequent as in O. intestinalis. 

The direction of the division in O. japonica is usually longitudinal, as 
Coun (1904) and ScHAUTEDEN (1905) have stated to be the case in O, ranarum. 
It appears, however, that the division of the body of O. japonica has no 
apparent relation to the nuclear division as in QO. dimidiata, in which the 
longitudinal division resembles that of the binucleate forms where the division 
of the body is always preceded by that of the nucleus. On this the following 
statement is given by Mrrcanr:— “The division of the body begins while 
the parent nuclei are in a late anaphase of mitosis, and the separation of 
the daughter cells, in normal vigorous animals, is complete during the latest 
anaphase, or less often during the early telophase, when the daughter nucleus 
is dumb-bell shaped ” 

The posterior end of the body is generally rounded, but sometimes it is 
produced into a point, or even furrowed in, in which latter case a radial 
arrangement of the cytoplasm is seen in almost all cases. At this end the 
refractive grains are generally seen carried by a sticky material which is 
apparently secreted from this part of the body. 

The shape of the nucleus is, roughly speaking, spherical or oval, and 
often shows an irregular outline, the average diameter being estimated to be 
0.00573 mm. Their number in one individual varies from one hundred to 


one hundred and seventy. 
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II. Histological Observations. 


The Ectosare.—The cilia are nearly of equal Jength all over the body, 
no special tufts being recognizable either at the anterior or at the posterior 
end (Fig. 6), as in the case of O. saturnalis as described by Litcrr & 
Duposcg (1904). 

The network of fibers described by Tonnices (1898) in O. ranarum and 
by Mercanr in O. intestinalis, O. caudata, O. ranarum, O. obtrigona, O. 
dimidiata, and O. zelleri, beneath the pellicula, could not be distinguished in 
this species. But very delicate fibrils stretching transversely between the 
rows of basal granules from granule to granule can clearly be distinguished, 
more so in fresh materials than in coloured preparations (Fig. 29). These 
transverse fibrils are placed on the outer surface of the basal granules, and 
apparently not in the pellicula, but on the limiting surface of the subpellicular 
layer. The existence and position of the transverse fibrils confirm Mrrcanr’s 
(1909) description, but differ from the statement made by Mater (1903), 
according to whom these exist superficially in the pellicula. 

Different colours taken by the cilia and the basal granules on staining 
them with the following dyes are shown in Table II. The dyes used are: 
DELAFIELD’s haematoxylin, HEIDENHAIN’s iron-haematoxylin, borax-carmine, 
aceto-carmine, nigrosin, acid-fuchsin, Bismarck-brown followed by acid-violet, 


eosin, and gentian-violet. 


Table IT. 


HEIDENHAIN’S BIonvI- rosanilin 
#4 iron- borax- aceto- | HerDENHAIN’s + 
I haematoxylin haematoxylin ES ee 3 colour mix. iodine-green 
mae . good ned 
Cilia pale blue pale blue unstained eal red unstain' 
Basal- bl blackish very pale deep deep very pale 
granule aE blue red red purple purple 
safranin nisronrn acid- RS aorae eosin gentian acid- 
0 8 fuchsin violet (yellowish) violet violet 
pale gray good redish redish 
ae or unstained ted purple ped pale blue 
Boe unstained ey see 4 dee purple blue 


STUDIES ON OPALINA JAPONICA, NOV. SP. 369 


The pellicula shows no characteristics peculiar to this species, being 
similar to those already described by different authors in many other species. 
Marer (1903) described the pellicula as “die iussere Ektoplasmalage” in 
O. ranarum, where the thickness is measured to be jp. 

The longitudinal parallel furrows of the pellicula, rmmning between the rows 
of basal granules, are clearly distinguished both in tangential and in cross 
sections. The ridges of these furrows in tangential sections appear as 
longitudinal fibers (Fig. 29), whereas in cross sections, they are seen to be 
papillary processes (Figs. 6, 7, 13, 14 and 26), the number of which between 
the rows of basal granules of cilia can be counted as three to four, so that 
the number of furrows lying between them is naturally two to three, just as 
in O. ranarum, according to MatEr’s description (1903). 

The staining differentiation of the pellicula and its subjacent ectoplasm 


is brought out with many stains and shown in Table III. 


Table ITT. 


Bronpi- 


Dyes Herpenuar’s Paes ee gentian violet acid-violet 
3 colour mixture = 
Pellicula grayish red. | grayish purple pale purple | deep ee lish 
Ectosare. almost unstained | almost unstained unstained | pale purple 


The subpellicular layer which was first found by Mercaur as such in 
O. dimidiata, is not sufficiently marked in the present species, as it is very 
thin, but the alveolar layer is very well marked and can clearly be seen 
(Figs. 6, 13). The alveoles which lie in the subpellicular layer are very 
small, while large ones are found in the remaining ectoplasm, which is thus 
to be recognized as the alveolar layer. In all the alveoles, whether large or 
small, only one ectoplasmic spherule is found, a fact which confirms the 
observation of Mrrcatr on Opalina intestinalis. Very good staining dyes 
which demonstrate the ectoplasmic spherules of my species are DELAFIELD’S 
haematoxylin followed by eosin, and HrmENHAIN’s iron-haematoxylin followed 
by avid-fuchsin (Siiure-fuchsin) ; by the former dyes the wall of the alveole 


stains purple while the ectoplasmic spherule colours pink (Fig. 6), and with 
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the latter dyes, the ectoplasmie spherule stains yellowish red and ‘the plasm 
purplish red (Fig. 7). 

The shape of the ectoplasmie spherule is always spherical or nearly so, 
aud very rarely more or less irregular. The best fixing reagent of the 
spherule in the present species is corrosive sublimate-acetic acid. 

For the finer structure of the ectosare, nothing can be added to the 
extremely delicate and careful observations of Merrcanr, which the author 
fully confirms. It is to be regretted, however, that it was not possible to 
try methyl violet with our species for the demonstration of the ectoplasmic 
spherules, as Mercaur did with his specimens. 

Among the sections stained by H&rmerNHAIN’s iron-haematoxylin, some 
are found to have taken quite different colours from those usually obtained, 
i.e. the ectoplasmie spherules very deeply black, and the endosare spherules 
faintly coloured. Under what circumstances such different colourations were 
obtained could not be determined (Figs. 28, 30). 

In the living animal the spherules fill up the alveoles, but in the 
sections, they shrink a little, even with the most careful fixation. My 
investigation on this point is too incomplete to give any interpretation upon 
the function of the ectoplasmic spherules. 

The Endosare.—There are very minute granules in the endosare, all of 
which stain very clearly with HEImENHAIN’s iron-haematoxylin (Figs. 26-28), 
Bismarck-brown (Fig. 13), or borax- and aceto-carmine, and very delicate 
fibrils of network, at the nodal portions of which masses of granules can be 
seen. These latter colour positively with any plasmic stains. But for the 
demonstration of the network and the granules, DELAFIELD’s haematoxylin, 
HEmeENHAIN’s iron-haematoxylin followed by acid-fuchsin, H&IDENHAIN’s 
haematoxylin, BronpI-HEMDENHAIN’s three colour mixture, and AUERBACH’S 
two colour mixture, are specially to be recommended. 

Among the network are found alveoles which contain endosare spherules, 
and the space between the network and the endosare spherules is filled with 


’ 


very minute granules, which may be termed “ ground granules” and can be 
clearly stained with iodine-green (Fig. 12). 
The endosare subjacent to the ectosare seems to be denser than the 


inner endosare. The endosare at the marginal portion of the body appears 
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to be of equal density, no special dense plasm being observed at the 
morphological anterior part, although that of the posterior portion is apparently 
a little looser. Regarding the density of the endosare in other species, 
Mercaur (1909) described in O. intestinalis as follows:— ‘The endosare 
spherules are numerous in the anterior part of the body, where the endosare 
itself is denser.” I have also observed a fact parallel with this in an 
undetermined cylindrical form parasitic in the rectum of Rana esculenta, in a 
total preparation of which, stained by DELArreLp’s haematoxylin, the anterior 
denser portion colours much darker than the posterior which always remains 
faint. 

Tn a living animal, both the endosare and the ectoplasmic spherules 
appear as very refractive bodies, but the refractility becomes more pronounced 
when the animal is treated with weak acetic acid. ¢ 

The diameter of the spherules is found to vary from 0/00166 to 0'0025 


mm, and their capacity for different dyes is shown in the following table: 


Table IV. 


HEMENHATN’s 


DELAFIELD’S safranin aceto- 


Dyes iron- : eosin acid-fuchsin 5 
haematoxylin haematoxylin 0 carmine 
: bluish cy : 
Reaction isPaae unstained good red unstained good red good red 
HOSES Bismarck | rosanilin 
borax- tees HEIMENHAIN’S gentian rubin 
carmine migrcein 3 colour Panes t |ioai cy violet iS) 
Seas acid-violet | iodine-green 
F purplish 2 bluish bluish 
poetained gray good red ae: purple purple Bors 2 


Endosare spherules are more numerous in the denser marginal portion 


of the endosare than in the inner looser portion, a fact which does not coincide 
with the observation of MercaLr in O. ranarum, of which he says: ‘ Contrary 
to TéxnicEs (1898) I do not find the endosare spherules much, if any, more 
numerous near the periphery of the body even in O. ranarum.” I am rather 
inclined to accept the observation of Ténni@Es, rather than that of Mrrcar 


on this point, since it accords with the fact ocewring in O. japonica, although 
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IT have not had an oceasion to study O. ranarum myself. It appears also 
that the number of the endosare spherules are in direct proportion to the 
density of the endosare. From this fact it may possibly be considered that 
the endosare spherules have some function to vital or rather nutritive 
phenomena. These are in living. animals spherical in shape, but in sections, 
although the majority remain spherical, some are found to assume discoidal, 
elongated or irregular forms. Merrcatr (1909 and 1912) states that these 
spherules, dise-shaped endosare spherules, or endosare plastids, as he calls 
them, are arranged in regular direction in O. intestinalis and O. mitotica. 

In order to study the finer structure of the spherules, HEIDENHAIN’s iron- 
hematoxylin, BronpI-HEMENHAIN’s three colour mixture, Bismarck-brown, and 
some other dyes were used as staining reagents, and the following results 
were obtained. With HEIDENHAIN’s iron-heematoxylin, they take an uniform 
deep dark, bluish colour, in which by a suitable destaining, the central 
portion becomes so decolourized that the spherules appear like alveoli (Fig. 
31). This also brings out very fine granules in the peripheral coloured 
portion (Fig. 31), which escaped the observations of Marr (1903), Lficrr 
& Dusoscg (1904), all these investigators describing them as homogeneous 
bodies ; TéNNIGES (1898)* has, however, found that the spherules in O. ranarum 
are not homogeneous, but have a denser marginal portion, thus making them 
appear as bubbles, the inner portion of which is according to METCALF (1909) 
filled with alveolar structure. The statement made by this author is as 
follows :—“‘I can confirm his (TONNIGEs’) statements that they (endosare 
spherules) are discoid shaped, elongated or irregular in form and are of 
various sizes; that they lie usually (in O. intestinalis) in a regular direction 
in the whole body, the flat side of the dise (when they are disc-shaped) being 
parallel to the surface of the body, so that in sections parallel to the flattened 
surface of the body one sees them almost circular, while in other sections 
they appear almost rod-shaped: that they appear homogeneous when strongly 
stained with (most) anilin dyes; but not with (well extracted) iron-heematoxylin; 
that they show an alveolar (?) structure ti 


In well made preparations we can generally observe very faintly coloured 


*The original description of Ténntcrs was not accessible to me, so that I am obliged to 
make this statement according to Mrrcarr. 
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grains in the clear central portion, but no alveolar structures like those 
observed by Mzrcatr (1909) in O. ranarum were recognized. 

The division of the endosare spherules is described by several authors ; 
that of O. ranarum by TOnnicEs (1898), that of O. dimidiata by KunsTLEr 
& Gryeste (1905). This is, however, denied by Merrcatr (1909), who came 
to the following conclusion :—“ At the time I wrote my preliminary paper 
(Mercatr, 1907) I assumed that the frequent dumb-bell shape indicated 
division, but I now think that these bodies do not divide any more than do 
the ectosare spherules. One never finds two of either sort of spherule in one 
or any other indication of division in them.’ JI can only confirm this 
observation of Mercanr, and am inclined to believe that the dumb-bell shape 
assumed by the spherules is only due to an abnormal condition, and has 
nothing to do with the division, since I have never been able to see any 
spherules of this shape in fresh materials, which always appear to be spherical. 

Just as with the ectoplasmic spherules, the function of the endosare 
spherules was not determined. 

The Excretory Organs.—The excretory organ could not be recognized. 
All the methods tried to demonstrate the existence of it were in vain, both 
in adult and young animals. Merrcanr (1907) who first made known the 
existence of the organ in three species of Opalina (O. obtrigona, O. caudata, 
and QO. intestinalis), is inclined to believe that the organ is well developed 
in all the cylindrical species, while it is reduced or even absent in flattened 
forms.* Thus while the organ is found in O. intestinalis, O. caudata, and 
O. dimidiata, it is rudimentary in O. obtrigona, The absence of the organ 
in O. japonica is perhaps to be looked upon as an additional fact which 


supports Mutcanr’s view. 


I. Cytological Observations. 


The Resting Nucleus.—The number of nuclei in one individual was 
counted to be about from one hundred to one hundred and seventy as 
previously described, and the diameters of the nuclei are from 0/0050 to 
0/0062 mm. In general, the structure and the kinetic phenomena more or 


* Mercarr, 1912, p. 82: “Probably all cylindrical species have well developed vacuoles. 
In the flattened species vacuoles are reduced or absent.” 
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less resemble those of O. intermedia, studied by Mercatr (1914). The nuclei 
lie in the endosare, and their nuclear membranes are firm and strong, showing 
no structure, and never disappear during the division. 

There is a true resting stage of the nucleus entirely free from kinetic 
activity. In this the number of chromatin masses which lie just beneath the 
nuclear membrane is from two to several; they are all trophic in function 
and ean be called “trophochromatin” or cyano- vegetative chromatin (HERTWIG, 
1907, and Mrrcatr, 1914), while an alveolar or rather a reticular structure 
seen within the nucleus is probably the linin which fills up the entire 
nuclear body, on the fibers and nodal portions of which, grains or masses of 
chromatin are suspended. ‘These latter vary very much in size, and can be 
considered as the idio-, erythro- or generative chromatin, which are destined 
to form the chromosomes. 

In O. macronucleata and O. lata, BrzZENBERGER* observed masses of 
vegetative chromatin which, however, were not demonstrated by him as vege- 
tative. In O. ranarum, NERESHEIMER described the nucleus in agamogeneous 
generation as follows :—‘‘ Wih?end des ganzen vegetativen Lebens findet man 
die Opalina im Froschrectum immer anniihernd gleich aussehend, wie sie 
ZELLER und TONNIGES beschrieben haben. An gefirbten Tieren fallt der 
geringe Chromatingehalt der Kerne sofort auf. Ein wabiges achromatisches 
Gertist der Kerne ist stets gut zu erkennen, dem wenige minimale Chroma- 
tinpartikelchen eingelagert sind.” The nucleus in encysting individuals 
described by him in the same paper, shows a similar structure to that of my 
species. 

If the sections are stained with Bronpi-Hrmrnnain’s three colour mixture 
or methylgreen §-fuchsin, the peripheral masses of chromatin (vegetative), 
nuclear membrane, and linin fibers colour purplish red, while the inner 
generative chromatin grains take a fresh green colour (Figs. 14-21), and 
when these are stained with Heidenhain’s iron-hematoxylin followed by acid- 
fuchsin, both the vegetative and the generative chromatins stain bluish black, 
while the nuclear membrane and the linin become dark purplish red (Fig. 11). 


Kazanzerr (1910) obtained the colour differentiation between macro- and 


* BuzzENBERGER, 1904, P. 163: ‘Das Chromatin ist in 2-3 grisseren Plaques der Oberfliiche 
angelagert, der iibrige Kerninhalt zeigt feinen wabigen Bau.” 
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micronucleus in Lowxodes rostrum, in which the macronucleus takes a red colour, 
while the micronucleus stains green. No such differentiation was observed in 
my species. 

Mercanr observed the peripheral masses of vegetative chromatin in O. 
obtrigona and writes in his paper (1909), in the explanation of the plate, as 
follows:— ‘The network with thickened nodes is superficial and is probably 
chromatin, but the achromatic foam, filling the whole nucleus, presents much 
the same appearance. Each nucleus shows from two to six discoid masses of 
chromatin upon the nuclear membrane.” Here the “two to six discoid masses 
of chromatin” would be the vegetative chromatin, and “the network with 
thickened nodes” may be compared with the generative chromatin of my 
species. In a later paper (1914), in which he speaks of the same condition 
in two, binucleate species (O. intestinalis and O. caudata), the following 
description is given:— “The phenomena observed in QO. intestinalis and O. 
caudata suggest that Hrrtwie’s distinction between tropho-chromatin and 
idio-chromatin may here apply. ‘The massive chromatin which is thrown 
away bodily before the sexual phenomena are completed, seem plainly to be 
not reproductive. Accepting Herrwiac’s term we will call it trophic.” ; 

PritzNER (1886) considered the nuclei of Opalina as meganuclei, and 
not micronuclei, and NERESHEIMER (1907) observed the trophochromatin in 
O. ranarum but did not consider it as such. According to his description, the 
generative nucleus developes from the extruded chromatin (generative chro- 
midia). The extruded chromatin is, however, as stated above, considered by 
MercanF (1909) to be vegetative chromatin, an assumption with which I 
fully agree. 

It may be stated that the nucleus of Opalina is still in an undifferentiated 
primitive condition, in which the generative and the vegetative chromatins 
are still contained in one and the same nucleus, the peripheral masses of 
chromatin representing the vegetative and the inner masses the generative. 
These two kinds of chromatin masses may be supposed to have become 
separated into two independent nuclei, forming the macro- and the micronuclei 
of higher Ciliata. 

The Centrosome, the Spindle, and the Mechanism of Mitosis. 


The center of the kinetic activity seems to belong to that category of 
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unicellular organisms of which Cankrs (1903) describes it as intra-nuclear, 
though, neither centrosome nor centriole are to be observed in this species, 
either inside or outside of the nuclear membrane. The spindle, consequently, 
is composed of linin, as in the case of Didinium nasutum, according to 
PranvTL’s* description, and originally differs from those found in Noctiluca 
and Metazoon cells, in which the spindle fibers originate from archoplasm or 
central plasm. Mrrcanr states in O. intestinalis, that the spindle is composed 
of two kinds of material, and says:— “The mitotic spindle in Opalina is 
also interesting in the fact that it is formed from both chromatic and 
achromatic material. In the resting nucleus the achromatic foam fills the 
whole nucleus, a network of chromatin fibrils being also present over the 
surface of the nucleus just beneath the nuclear membrane. The appearance 
of longitudinal striation in the dividing nucleus is due to the emphasizing of 
the longitudinal strands of the chromatin net and the longitudinal films of 
the achromatic foam. The spindle, therefore, is composed of a central 
achromatic portion and a superficial chromatic portion.” No such chromatic 
portion can be recognized in the spindle of my species. 

In the case of division, the spindle fibers and the nuclear membrane 
seem to take an active part, the chromatic portion a passive one; especially 
in the stage of anaphase or telophase, it is easy to imagine that the former 
structures elongate intensively at the median portion of the dividing nucleus, 
forming the connecting strand, and push the chromatic portion to the poles 
of the nucleus. 

According to Mrtcanr (1909), all the parts of the nucleus, however, seem 
to be active, especially the nuclear membrane and the chromatic spindle 
fibers. In our species, although the nuclear membrane appears to participate 
in this activity, the chromatie spindle fibers can not play any part in it, as 
no such structures can here be recognized. 

The Nucleolus.—A nucleolus was observed by Mercatr (1909) in O. 
intestinalis, In the present species no structure can be detected which could 
possibly be counted for as such, all the methods tried to demonstrate it having 


so far failed. 


* Panpri (1906): Die Spindelfasern sind somit aus dem Kernretikulum gebildet.” 
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The Drviston of the NUCLEvs. 

Prophases.—When the nucleus enters into the prophases, the generative 
chromatin begins to gather at the nodal points of the linin network, increasing 
the density and the staining capacity, and forming masses of the chromatin 
which unite very irregularly with each other, and show a special appearance ; 
this stage can possibly be compared with the coil stage of Metazoon cells. 
Similar stages were observed by NERESHEIMER (1907) in O. ranarum and by 
BEZZENBERGER (1904) in O. macronucleata. In Fig. 37, the chromatin grains 
are seen gathered at the nodal points of the linin network, becoming larger 
and thicker, and finally uniting with each other as shown in Figs. 37 
and 38. Meanwhile the nucleus becomes elongated, as in Figs. 39 and 41 or 
42, and the linin fibers now begin to be placed parallel to the longitudinal axis 
of it. In this process it appears that those fibers which are placed transversely 
become fainter and disappear, while the longitudinal ones remain. In O. 
mtestinalis, a similar process is stated by Mertcanr to be produced by the 
chromatin network, and not by linin fibers as in my species. 

It sometimes occurs however, though very rarely, that some of the 
transverse linin fibers persist till the middle prophase stage where these 
are still to be recognized (Fig. 16). At any rate, the linin fibers lose the 
reticular condition and turn to form the longitudinal fibers of the spindle. 
Both extremities of these fibers seem either to touch the nuclear membrane 
or come close to it, the space between them and the latter being occupied 
by masses of generative and sometimes also by vegetative chromatins (Figs. 
16, 17, 41, 42, and 43). The masses of vegetative chromatin sometimes break 
up into smaller irregular ones as in Fig. 38, or sometimes, on the contrary, 
unite to form two to three large masses as illustrated by Fig. 40, these facts 
make it probable that the vegetative chromatin plays no part in the process 
of mitosis. In spring, at a stage of the encystment or a little before it, one 
can easily recognize a portion of vegetative chromatin lying outside of the 
nuclear membrane (Figs. 33, 34), which can be looked upon as the result of 
extrusion out of the nucleus, and although the process of extrusion was not 
directly observed in my case, it can certainly be conjectured that the compact 
spheres of vegetative chromatin seen inside or outside of the nuclear membrane 


at this stage represent the stages of such an extrusion as those observed by 
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many other authors, especially by Mercantr. What makes it more probable, 
is the fact that in sections of animals obtained in summer or autumn, one 
can never observe anything like it. The extruded chromatin persists (in 
cytoplasm) for a while after the extrusion, but later on, it diminishes in 
density and staining capacity, and at last degenerates. NERESHEIMER (1907), 
as previously mentioned, assumed the extruded chromatin in O. ranwum to 
be a generative and destined to form the reproductive nucleus. His statement 
on this point is as follows:-- ‘Der wbriggebliebene Teil der Chromidien 
(viz. the extruded vegetative chromatin in O. japonica)*, den wir nunmehr als 
Sporetien oder Gametochromidien anzusprechen haben, verteilt sich zuniichst 
in Gestalt kleiner rundlicher Kérnchen durch das ganze Plasma. Unterdessen 
ist die fortwiihrende Quer- und Schrigteilung der Opalinen ohne Unterbrechung 
weiter gegangen und hat zur Bildung schon wesentlich kleinerer Individuen 
mit weniger Kernen gefthrt. “... ....’’ Das Sporetium, das sich vorher in 
Form kleiner Teilchen frei im Plasma befunden hatte, findet sich nun zum 
erissten Teil in diese Alveolen eingelagert; meist sieht man einen grosseren 
Chromatinbrocken, manchmal auch mehreve in einer Alveole. “ ........ ” Bei 
Opalina verteilt sich zuniichst das Chromatin in Form feiner Kornchen 
regelmiissig durch die ganze, immer kompakter werdende Plasmskugel: man 
sicht eine Kernmembran auftauchen und ein Kerngerist sich bilden.” These 
statements of NERESHEIMER are not in accordance either with the observations 
of Mercatr (1909) or with my own. ‘The chromatin masses which are 
extruded from the nucleus into the cytoplasm before the sexual reproduction 
sets in, degenerate sooner or later. This fact makes it probable that these 
chromatin masses are vegetative and not generative, and are comparable to 
the macronuclei of the higher Ciliata, which as is known, also degenerate 
before the conjugation of the micronuclei begins. 

Mercanr (1909) described the manner of extrusion of the vegetative 
chromatin as well as its degeneration in O. intestinalis as follows:— ‘In 
living nuclei at this stage (encystment stage), which are getting rid of their 
chromatin in this peculiar manner, one observes two large balls or dises which 


by staining are clearly shown to be composed of chromatin. Occasionally 


*The parenthesis is mine. 
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instead of two such chromatin spheres one finds three, one or two of these 
being smaller. In other cases but one sphere is found, but in these cases 
another may have been present and have been extruded. The rest of the 
contents of the nucleus lie in the form of granules, generally in an hour- 
glass-shaped group, transversely between the two chromatin spheres when two 
are present. “ ....... ” These compact spheres of chromatin are extruded 
from the nucleus into the cytoplasm and there degenerate.” The compact 
spheres of the vegetative chromatin in my species are not always two to 
three in number as he states, but are found sometimes in larger numbers, a 
fact which makes it probable that all of the vegetative chromatin elements 
are extruded from the nucleus, leaving only the generative, before the copula- 
tion sets in. Further observations on this point are, however, required to 
ascertain the validity of such an assumption. ° 

The generative chromatin which, as above stated, forms the so-called 
spirem now begins to break up into fragments, of rather irregular shape, but 
showing a more or less elongate form. These may perhaps be compared 
to the “chromosomes,” and will be called so, but only for the sake of 
convenience, since they are quite irregular both in size and shape (Fig. 40). 
These chromosomes then migrate towards the equator of the nucleus, and 
form a structure which may be compared to the equatorial plate of Metazoon 
cells (Figs. 41, 42). 

The equatorial chromatin ring described by Licer & Dusoscg (1904) in 
O. saturnalis, was not observed in this species. The equatorial plate of O. 
intestinalis is according to Mrtcatr (1909) very irregular and ill-defined as 
compared with mine. 

Anaphases.— The longitudinal splitting of the chromosomes was not 
observed, but the transverse division of the same were occasionally seen to 
occur. As to the splitting of the chromosomes, Mrrcaur writes:— “At 
present (1909) we can only say that splitting of the chromosomes does not 
occur at the equatorial plate stage, that it may oceur in the telophases, and 
that in the anaphases the daughter chromosomes seem to be paired as in 
Metazoon mitosis.” 

The longitudinal fibers now commence to move toward the poles, thus 


the division of, or simply the separation of the chromosomes, takes place 
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bodily. In the case where the transverse division of the chromosomes occurs 
(Figs. 42, 43), the daughter chromosomes are very irregular, both in their 
movement and size (Figs. 42, 44, 45, and 46). 

In O. saturnalis' and O. antilliensis’, two sets of chromosomes are 
described,—the massive and the granular chromosomes, both of which lie just 
beneath the nuclear membrane, which may be compared with the vegetative 
and generative chromatin of my species. But my vegetative chromatin does 
not form, as already described, chromosomes during the mitosis, but is carried 
bodily into the daughter nuclei and is thus not to be compared with the 
massive chromosomes of these authors. Similar facts were also observed by 
Mercar (1914) in the nuclei of one of the undetermined multinucleate species 
of Opalina (which he calls O. intermedia) infecting the Bufo helophilus of 
California ; he states that the vegetative chromatin of this species does not 
form chromosomes at all. He also states the absence of the massive chromo- 
somes in another multinucleate species. 

It is not possible to count the number of the chromosomes, as the form 
and size of the same are very irregular, the calculation made in a hundred 
individuals gave me no definite result. 

During the elongation of the nucleus the chromosomes begin to migrate 
towards the poles. This takes place, however, very irregularly, as shown 
in Fig. 43, where the peripheral vegetative chromatin is seen to migrate 
bodily to the poles. At the same time, the chromosomes too are seen to 
migrate towards the poles, but their movement is so irregular that while some 
of them have already reached the poles, others are still at the equator or 
near it (Figs. 44, 45, 48, and 49). 

At the end cf the migration, when all the chromosomes come to be placed 
at the poles, very fine thread-like fibers are seen to connect the chromosomes 
of the opposite poles in pairs (Figs. 50-52). These fibers presumably cor- 
vespond to the connecting fibers (‘ Verbindungsfiiden ” of German authors) of 
the Metazoon cells, and may be so termed. The connecting fibers seem to 


originate from the linin-substance of the nucleus as described by IsH1KawA 


1. Lrcer & Duxoscg: Notes sur les infusores endoparasites, II. O. saturnalis, Archiv. 
Zool. T. 2. 


2. M. Mercatr: Notes upon Opalina. Zoolog. Anzeig. Bd. XLIV. 1914. 
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(1897, p. 306) in the nuclear division of Noctiluca miliaris. Similar fibers 
were observed in other species of Opalina, as for instance in O. intestinalis, 
these are described by Metcalf (1909) as chromatin fibers; and in O. 
antilliensis, the same fibers are described by the same author as “ easily staining 
threads”? (Mrrcoanr, 1914, P. 535). In Didinium nasutum, PRanptt' observed 
the connecting fibers (Verbindungsfiiden or Verbindungsfasern) and states as 
follows:— “Die zahlreichen Verbindungsfasern erscheinen anfangs gekrimmt 
und locker, allmahlich beim weiteren Auseinanderrtcken der Tochterkerne 
wachsen sie zu einem dichten, starven, mit Hisenhiimatoxylin tiefschwarz 
gefiirbten Strang aus, dessen Fasern wohl durch Verkleben mehrerer Spindel- 
fasern zustande gekommen sind.” Moreover, the spindle fibers in Didiniwm’ 
are composed according to PRANDTL, of nuclear reticulum. It will be remarked 
that the ‘“ Verbindungsfasern”” which originate by the “ Verkleben mehrerer 
Spindelfasern” are to be compared with those of Opalina, but differ from 
those of Noctiluea where these originate from the linin substance. 

The nucleus now becomes spindle shaped, with both the poles strongly 
pointed (Figs. 50-53), and the chromosomes come to be placed in parallel 
position (Fig. 53). But as the stage advances, the shape of the nucleus 
changes from a spindle to an elongated cocoon, the long diameter of which 
now measures more than that of the spindle-shaped. 

Telophases.— During this stage the elongation of the nucleus continues, 
this chiefly takes place at the median portion which continuously elongates, 
becoming gradually narrow, while the terminal ends get larger (Figs. 55-57). 
In Fig. 55, we see just the commencement of the elongation at the median 
portion, a slight incurving being observable on both sides of the figure. 
These are more pronounced in Fig. 56, and gradually increase successively in 
Figs. 57 to 61, at the same time the gradual bulging of the terminal portion 
of the nuclei is to be observed. It is to be noted that in this not only the 
median portion of the nucleus elongates, but also the mass of the plasm 


moves towards both ends. 


1 H. Praxpru: Die Konjugation von Didinium nasutum O.F.M. Archiv f. Protistenk. Bd. 
VIT. 1906, p 234, 

2 Pranprn: 1906, p. 234: “Die Spindelfasern werden somit aus dem Kernretikulum 
gebildet.” 
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Not only does the median portion of the spindle elongate, but it also 
bends, as is shown in Fig. 59 or 60. Similar phenomena were observed by 
many previous authors in different animals, so by Pranpri (1906) in the 
micronucleus of Didinium nasutum, by R. Hertrwia and G. Cankiys in that 
of Paramecium, and by C. Isurkawa in Noctiluca (Isuikawa’s Figs. 15, 16). 
PRANDIL says: “In frthen Perioden der Metaphasen gewinnt die Spindel 
manchmal durch Krtmmung ihrer Achse ein etwas sichelformiges Aussehen.” 
The long axis of the spindle not only bends but sometimes coils up and 
forms a loop, this condition was also observed by Mercatr in O. intestinalis 
where the connecting strand remained till the beginning of the next mitosis. 
In our species, although the connecting strand does not remain, its torn ends 
can be recognized at the corresponding ends of the nuclei, which enables us 
to distinguish premitotic nuclei from the postmitotic (Figs. 70, 71.). 

The connecting strand does not only coil up, but the median portion of 
it often bulges out (Figs. 62 and 63), a fact which was also observed in 
other species of Opalina, as well as in various other Protozoa, as for instance 
by Herrwic (1896) and by Cankiss & Cunt (1907) in the division of the 
micronucleus of Paramecium, and by C. Isutxawa (1894 and 1899) in the 
nuclear division of Noctiluca, where TsHtKAWA says:—‘‘ When the division 
has pronounced, the median portion of the archoplasmiec spindle is swollen up 
a little. This part of the spindle is left behind after the complete separation 
of the nuclei in the form of a small diagonal figure.” Although the swelling 
generally contains no chromatic elements, some are observed with such (Fig. 
63), and these are always proved to be vegetative by their behavior. 

As is suggested to me by Prof. Isurkawa, the elongation of the nucleus 
is positively carried on by the active extension of the connecting strand, and 
the bending or the formation of the coil produced by the same, as well as 
‘the bulging out of its median portion, is most probably caused by the nature 
of the cytoplasm adjacent to the nucleus, the cytoplasm at both the ends of 
the dividing nucleus acting as resistance to the movement of the daughter 
nuclei. The relative distance of the nuclei soon after the division, as compared 
with the end portion of those during the same, can also be ascribed to the 
same cause (compare Figs. 59, 60 with Fig. 71). 


At the end of the division of the nucleus, when all the chromosomes 
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enter into the daughter nuclei, the parallel arrangement of the same can still 
be recognized (Figs. 60—68). No transverse constriction of the chromosomes 
was observed previous to the division. In most cases the condition of the 
chromosomes at the two poles are similar; only in very few instances the 
chromosomes in one pole are seen to break up into many small bodies, while 
those in the other still keep their parallel arrangement (Fig. 63). 

When all the chromosomes have finished their migration, the achromatic 
fibers (connecting fibers also) turn to form the linin network of the nuclei of 
the following stages, the nuclear membrane, as already stated, being very 
stout and never disappearing during all phases, as is usual in all other 
Protozoa. 

Resting stage.—The chromosomes now begin to lose their density gradual- 
ly, and the constituent granules come again into view. ‘These occur sometimes 
in comparatively earlier stages, as shown in Figs. 59 and 60, but generally 
in late telophases (Figs. 62, 63, and 69). In a few cases, however, the 
chromosomes keep their parallel arrangement till the last stage (Fig. 66). 
In O. intestinalis and O. caudata Mrrcatr (1909) describes a stage which is 
comparable with the dispireme of Metazoon nuclei, bui in our species such a 
stage was not observed, the linin fibers, soon after the division of the nuclei, 
assuming the reticular structure with the chromatin granules distributed over 
them, and thus the nucleus enters into the resting condition, without passing 
through the dispireme stage (Figs. 67-71). 

Vegetative chromatin in the postmitotic nucleus shows the same character 
as that of the premitotic nucleus, lying on the inner surface of the nuclear 
membrane in the form of several masses of discoidal bodies as above mentioned 


(Figs. 70, 71). 


Summary. 


1. Opalina japonica ought to come close to O. obtrigona, according to 
BEZZENBERGER’S table, but concerning the proportion of the length and the 
breadth of its body, the diameter of the nucleus, and especially the mode of 
the division of its body, it is more closely related to O. ranarum and O. lata, 
from both of which it is, however, distinguished by the characters above 


described, so that it fairly forms a new species. 
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2. O. japonica can be found in the recta of both Rana japonica and 
Bufo formosus, as the oviposition of both animals takes place in the same 
season and in the same place, which makes the tadpoles live in the same 
place, thus giving them the opportunity of swallowing the cysts discharged 
from the adult frog or toad. The reason that it is not found in Rana esculenta 
is perhaps to be sought in the different habits of this frog from that of the 
above two. 

3. The division of the body always takes place longitudinally, the 
separation of the halves beginning at the anterior end. 

4. The pellicula is distinct and homogeneous and has longitudinal 
furrows on its surface, the number of which between two rows of the basal 
granules is two to three as stated by Marer in O. ranarum, but no transverse 
striation can be observed in it, thus making the muscular nature of the 
longitudinal ridges of pellicula, as maintained by ZELLER, unacceptable. 

5. The network of fibers as described by Tonnices and Mercanr in 
the subpellicular layer was not observed, but delicate transverse fibrils can 
clearly be distinguished at the peripheral portion, stretching between the 
basal granules. 

6. The alveolar layer is marked in this species, and the alveoles whether 
large or small, always contain only one ectoplasmic spherule, as observed by 
Mercatr in O. intestinalis. 

7. The endosare subjacent to the ectosare is denser than the inner 
endosare, The endosare spherules lie more numerously in the peripheral 
denser portion than in the inner looser portion, a fact which coincides with 
Mercanr’s description in O. intestinalis. This possibly shows the relation 
existing between the endosare spherules and the nutritive function of the animal. 

8. The endosare spherules are not homogeneous as deseribed by MATER 
or Litcer & Dvsosce, but are alveolar as TonNIGES and Mrtcanr observed. 
Division of these as assumed by Téxnigrs and KunsTLer & GINESTE can not 
be accepted, the dumb-bell shapes taken by the spherules are to be considered 
rather as an abnormal condition. 

9. The chromidium could not be distinguished in the endosare; the 
structure described as such by NERESHEDER is probably the endosare spherules. 


The extrusion of the chromatin into the cytoplasm takes place as NERESHEIMER 
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describes ; but the extruded chromatin is apparently a vegetative one and does 
not persist in the cytoplasm as a generative chromidium, but degenerates 
sooner or later. This confirms the description of Murcanr rather than that 
of NERESHEIMER. 

10. The centrosome and the nucleolus were not recognized. 

11. An excretory organ was also not seen. Refractive coccus-like grains 
attached at the posterior end of the body by a sticky material can possibly 
be taken as a phenomena produced by the excretory function. 

12. Two kinds of chromatin are distinguishable in the nucleus, a 
vegetative and a generative, the former, in the resting stage, lying on the 
inner surface of the nuclear membrane in the shape of two to several discoidal 
masses, while the latter exists as grains or small masses scattered over the 
linin fiber, and destined to form the chromosomes. 

13. The vegetative chromatin of Opalina may be compared with the 
chromatin of the macronucleus of higher Ciliata, and the generative chromatin 
with that of the micronucleus. Both chromatins are found in one and the 
same nucleus, but can be distinguished by a proper staining method. 

14. Thus a nucleus of an Opalina can be considered as in an un- 
differentiated primitive condition. 

15. During the division the vegetative chromatins are carried bodily to 
the poles, the generative ones form very irregular chromosomes, the shapes 
and sizes of which are very irreguler, which makes a calculation of their 
number utterly impossible. 

16. Longitudinal splitting of the chromosomes can not be observed, but 
the transverse division of the same seems to occur. The equatorial plate is 
very incomplete, just as in O. intestinalis. 

17. Connecting fibers originate from the linin-substance, these are not 
so long as those of O. intestinalis and do not make a coil as in that species. 

18. There is no defined dispireme stage between the telophase and the 
~ resting stages. 

19. The nuclear membrane is yery stout and strong, and does not 


disappear during the mitotic cycle as is usual with all other Protozoa. 
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EXPLANATION OF PLATES. 
Plate XL. 


All the figures are photographic reproductions made by the author. 

Fig. 1. Transverse section of a frog’s rectum, which contains very many individuals of 0. 
japonica together with some other kinds of parasitic animals. In the Figure, most of the Opalina 
appear as spindle shaped bodies. Magnified 27 times. 

Fig. 2. Several adult Opalinae, showing the general shape of the body, taken from freshly 
killed material; Lerrz's dark-ground illuminator. Magnified 70 times. 

Fig. 3. Transverse section of the terminal portion of a small intestine of a frog, showing 
many Opalinue contained in it. Magnified 28 times. 

Fig. 4. Part of a transverse section, given in Fig. 1, with a higher magnification. Most 
Opalinue appear as spindle shaped bodies, in which the nuclei are clearly to be seen. Magnified 
225 times. 

Fig. 5. Part of a cross section of Opalina, showing the endoplamsic structure. Magnified 
1300 times, 


Plate XLL 


All the figures are drawn with the aid of Zumtss’ drawing apparatus. Figs. 6-12, and 
Figs. 15-21, with Zrtss’ apoch. 1.5mm objective and compensating ocular 8; Figs, 13 and 14 
with Zxtss’ 1/12 objective and ocular 4. 

Fig. 6. Part of the transverse section of O. japonica, stained with Drxarienp’s haematoxylin 
followed by eosin. The endosarc, basal granules, and the chromatin are purple, while both of 
the ecto- and endosare spherules, pellicula, and cilia are pinkish red in colour. 

Fig. 7. Ditto: stained with Hemeryuar’s iron-haematoxylin followed by acid fuchsm. 
Cilia, pellicula, basal granules of cilia, endoplasmic network, and peripheral poition of endosare 
spherule are purplish red and the ectoplasmic spherules, yellowish red. 

Fig. 8. Ectoplasmic spherules, from the section stained with DrtarieLp’s haematoxylin 
followed by eosin. 

Fig. 9. Ditto: from a section stained with Bismarck-brown followed by acid violet. 

Fig. 10. Endosare spherules, from a section stained with DrLarieLp’s haematoxylin followed 
by eosin, the peripheral portion of the spherule is coloured purple while the inner portion is 
Ted. 

Fig. 11. Part of a section of 0. japonica, stained with HerpenHary’s iron haematoxylin 
followed by acid fuchsin, showing the colour differentiation of nucleus. The vegetative and 
generative chromatins are coloured purple, while the nuclear membrane and linin are red. 

Fig. 12. Ditto: stained with safranin followed by iodine-green. Endoplasmic spherules, 
ground granules, network fibers, linin, and the nuclear membrane are stained green, while both 
the vegetative and the generative chromatins are coloured red. 

Fig. 13. Part of a section of 0. japonica cut transversely to the rows of basal granules of 


cilia and stained with Bismarck-brown followed by acid violet. Cilia, basal granules, pellicula, 
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ectoplasmice spherules, peripheral portion of the endosare spherules, and the linin are blue, while 
the endosare is lighter brown and the chromatin dark brown. 

Fig. 14. Ditto: coloured with BronpI-Hrerpenuam’s three colour mixture. Greenish colour 
was taken only by the generative chromatin, while the other portions (cilia, basal granule, endo- 
sarc network, nuclear membrane, peripheral part of endosare spherule, and the vegetative 
chromatin) are purplish red. 

Fig. 15. Resting nucleus, from a section stained with Brionp1-Hemenuarn’s three colour 
mixture. ‘lhe peripheral vegetative chromatin, nuclear membrane, and linin are stained purplish 
red, while the generative chromatin is green. 

Figs. 16-21. Dividing nuclei. stained with Bronp1-HEemrnnaw’s three-colour mixture, 

Fig. 16. Early anaphase nucleus, The generative chromatin condenses and forms the 
chromosome, and the vegetative chromatin is divided into several masses, which are connected 
to each other by linin. 

Fig. 17. The linin forms the spindle fibers which extend between the poles, while the 
chromosomes are seen migrating from the equator. 

Fig. 18. Early telophase nucleus, showing the connecting fibers originating from the 
spindle fibers, 

Fig. 19. Advanced telophase nucleus. 

Fig. 20. Late telophase nucleus showing the commencement of its bending. 

Fig. 21. More advanced and just before the resting stage; two nuclei are connected by a 


connecting strand. 
Plate XLII. 


This plate is reduced to about 5/7 of the original size. In the original plate the Figs. 26- 
30, 35-71 were drawn with Zetss’ apochromatic 1.5 mm objective and Zerrss’ compensating ocular 
8, Figs. 31-34 with Zmtss’ apoch. 1.5 mm objective and Zetss’ compensating ocular 12, Figs. 
23-25 with Lerrz’ projection apparatus and Lerrz objective 3. Fig. 22 is a diagramatic 
representation. All the other figures are drawn from a section stained with Hemernnam’s iron 
haematoxylin, if not otherwise stated. 

Fig. 22. Diagramatic figure of 0. japonica, showing typical shape of the body. The 
spiral lines show the longitudinal direction of the body which coincides with the morphological 
axis of it. 

Figs. 23, 24. Dividing Opalinae showing the typical mode of fission, drawn from fresh 
materials. Magnified about 150 times. 

Fig. 25. Dividing Opalina, showing the mode of the separation of the halves taken from fresh 
material. The two component halves'are somewhat differently shaped. Magnified about 150 times. 

Fig. 26. Part of a transverse section of O. japonica, stained with Hmumernnarn’s iron haema- 
toxylin. Ridges of pellicula are seen as papillary processes; with the basal granules of cilia 
stained black. The endoplasmic network with the spherules is clearly shown. The deeply 
stained portion of the nucleus is the vegetative chromatin, while the generative chromatins 


are distributed on linin, ' 
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Fig. 27. Part of a longitudinal section of O. juponica, stained as aboye, showing the form 
of pellicula as it appears in the cross section of Fig. 26. 

Fig 28. Part of a longitudinal section stained as above, showing however quite an abnormal 
eslouration. The endoplasmic spherules which are stained in Figs. 26 and 27, do not take any 
colour in this case, while the ectosare spherules which were not coloured in Figs. 26 and 27, are 
coloured very deeply black. 

Fig. 29. Part of a tangential section of the body of 0. jayonicu, showing the rows of 
basal granules of cilia, longitudinal ridges of pellicula, and very delicate transverse fibiils. 

Fig. 30. Ectosare spherules, showing the central clear spot, from an abnormally stained 
section, with HrrpENHaAq’s iron haematoxylin. 

Fig. 31. Endoplasmic spherules, showing non-homogeneous state of the spherules. The 
peripheral portion of the granule is granulous, while the central portion is clear, within which 
however, very minute and faintly coloured granules are seen. 

Fig. 32, Typical resting nucleus, showing the peripheral vegetative and the central genera- 
tive chromatin. 

Fig. 33. Nuclcus, showing the extrusion of chromatin. Nearly half of the chromatin is 
seen to be extruded. 

Fig. 34. Ditto: a mass of chromatin is extruded out of the nucleus and is seen lying in 
the cytoplasm. 

Fig. 35. Normal resting nucleus. 

Fig. 36, Early prophase nucleus. Peripheral vegetative chromatin shows the masses of 
various size, while the generative chromatins are seen gathered at the nodal portions of the 
linin. 

Fig. 37. Prophase nucleus, a little more advanced. Masses of generative chromatin are 
united with each other and forming larger masses. 

Fig. 38. Ditto: whole shape of the nucleus somewhat more elongated; the generative 
chromatin masses are gathered to form an incomplete spireme. The vegetative chromatin divided 
into many smaller masses, 

Fig. 39. Middle prophase nucleus. It is now more elongated and shows the poles dis- 
tinctly ; the so-called spireme became thicker. 

Fig. 40. Late prophase nucleus. Vegetative chromatin gathered in one large and two small 
masses ; the loop of generative chromatin divides very irregularly and forms the chromosomes. 

Fig. 41. Equatorial plate nucleus, Chromosomes show no regular arrangement. 

Fig. 42. Enrly anaphase nucleus. Transverse division of the chromosome is now seen to 
oceur, 

Fig. 43. Ditto: shape of the nucleus is turned to a spindle in which vegetative chromatins 
are seen lying on the spindle fibers of one of its poles. 

Figs. 44-46. Middle anaphase nuclei, showing the division or simply the separation of the 
chromosomes, 

Figs. 47-49. Middle anaphase nuclei, slightly more advanced. Some of the chromosomes 


have already migrated to the poles, while the others are still at the equator or near it. 
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Pigs. 50-52. Late anaphase nuclei. Migration of the chromosomes more advanced, and the 
connecting fibers are faintly to be recognized. 

Fig. 53, Late anaphase stage, with the chromosomes placed in parallel position; the poles 
of the nucleus strongly pointed. 

Fig. 54. Late anaphase stage. 

Fig. 55. Early telophase nucleus; the median portion elongated. 

Figs. 56-58, Early telophase nuclei, showing slight incurvings on both sides of the nuclei 
at the median portion. 

Figs, 59-60. Middle telephase nuclei. The incurvings more increased and the nucleus bends 
at the median portion, 

Vig. 61. Middle telophase stage. 

Figs. 62, 73. Late telophase nuclei. The median portions bulge out and the migrated 
chromesomes take more or less a parallel position. 

Figs. 64-66. Late telephase. Migrated chromosomes become less dense and break pu 
irregularly ; the connecting strands thin and sometimes (Fig. 66) bent. 

Fig. 67. Late telophase. The connecting strands are still continuous between the two nuclei. 

Figs. 68-70. Late telophase. The connecting strands break up at the median portion, and 
the chromosomes also break into small masses or granules. 


Vig. 71. Resting stage after division. 


Plate XL. 
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On the Inheritance of Flower-Colour and other 
Characters in Digitalis purpurea.’ 


By 


Kiichi Miyake and Yoshitaka Imai. 


With Plate XLII. 


The experiments were started in 1916 in order to investigate the mode 
of inheritance of flower-colour and other characters in Digitalis purpurea. 
Although the experiments are still in progress, owing to the biennial 
nature of the plant it will take several years more before they can be 
completed, some of the results so far obtained do not agree with those of 
previous investigators. It seems desirable, therefore, to publish the results 
already obtained as a sort of preliminary report. 

In May, 1916 we selected four plants designated as A, 6, C and D in 
the accompanying table, which were growing in the College garden, and made 
crossings between them as well as self-pollination. In the following year four 
more plants were added to our experiments, which are marked EH,’ F, G 
and H in the table. 

The seeds obtained by both self- and ‘cross-fertilization of the above 
mentioned eight plants were sown during the autumn in pots filled with soil 
free from Digitalis seeds, and the young plants thus raised were transplanted 
into the experimental garden in the following spring. The offspring of 
A, B, C and D flowered in 1918 and 1919 while those of FE, F, G and H 
bloomed mostly in 1919, some of them still remaining in rosette con- 
dition. 

1. The substance of this paper was published in Japanese in the Botanical Magazine, 
Tokyo, vol. 33, pp. 175-186, 1919. 

2. The plant EZ was secured through the kindness of our gardener Mr. M. And6 and is said 


to be the only surviving individual of F, plants obtained by crossing purple and white flowered 
plants in 1915. 


(Jour. Coll. Agric., Vol. VI, No. 4, 1920.] 
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The flowers of Digitalis purpurea being protandrous, pollination is usually 
effected by means of insects. Many cultivated Digitalis plants are therefore 
heterozygous for one Mendelian factor or more and do not breed true when 
self-fertilized. The majority of the plants used in the present experiments 
were also heterozygous and in fact none of the purple-flowered individuals 
were found to be pure, as is shown in the table. We shall, however, be able 
to report in a future paper on the results of crossings made with homozygous 


individuals. 


Smooth or Hairy Stem. 


Among the plants used in these experiments we have noticed the existence 
of two types in regard to the surface characters of the stem. One has the 
whole length of the stem covered with hairs, giving it a downy appearance, 
while in the other the vegetative lower region of the stem is quite glabrous. 
The genetic behaviour of these two characters has been considered worthy 
of investigation. 

Miss Saunpers (1911) has already noted these two stem-characters in 
Digitalis and in a recent paper (1918) she conclusively proved that this 
partially glabrous condition of the stem is dominant to the hairy state. The 
results of our experiments can only confirm the excellent account of Miss 
SAUNDERS. 

Of eight individuals used in the experiments six of them, namely the 
plants A, B, CG F, G and H had smooth stems and when selfed they have 
all excepting B! segregated into smooth and hairy forms. So we can see 
that these six plants are all heterozygous in regard to this character. ‘The 
results of selfs? as well as crosses’ of the above mentioned plants are 


summarized as follows: 


Smooth stem Hairy stem Total 
Obtained 267 92 359 
Expected 269.25 89.75 B59 


1.. Self-fertilized seeds of plant B were unfortunately lost, but its genetic constitution can 
well be inferred by the cross-bred offspring. 

2. Families 1, 3, 8, 9 and 10 of the table. 

3. Families 6, 11, 12 and 13 of the table. 
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Thus the ratio of the smooth-stemmed to the hairy is almost 3 to 1. 

Our plants D and E were both hairy and when selfed they were found 
to breed true to type. Thus we have obtained 311 individuals which were 
all hairy. 

When the smooth heterozygous individuals are crossed with hairy forms, 
we should expect to get smooth and hairy forms in equal numbers. The 
results of such crossing (Family 5 of the table) are: 


Smooth stem Hairy stem Total 
Obtained 16 17 33 
Expected 16.5 16.5 33 


Although the numbers obtained are rather small they coincide nearly with 
those expected. 

Thus the hairiness of the stem in Digitalis purpurea behaves as a simple 
Mendelian recessive to the smoothness. In many other plants, however, the 
hairiness is often a dominant character. In the smooth-stemmed Digitalis we 
may consider that it carries a factor which suppresses the formation of hairs 


in certain parts of the stem. 


Flower-Colour. 


The flower-colours concerned in the present experiments are :— 

1. Purple with red spots (Plate XLUI, Fig. 1). 

2. White with red spots (Fig. 3). 

3. White with yellow spots' (Fig. 2). 
Thus in all Digitalis flowers, whether white or coloured, the lower lip of the 
corolla is spotted, the spots being of various sizes. The number of spots also 
varies from only a few to several hundreds. In some of the last named 
white flowers the yellow spots turn brown as the flowers grow older, while 
in others the spots fade soon after the flowers are opened and become so 
faint as to be hardly distinguishable. In both purple and white flowers with 


red spots, the anthers are always speckled with red dots (Fig. le and 3c). 


1. Although the colours of the spots, strictly speaking, are deep purplish red and yellowish 
green respectively, for the sake of brevity, we shall call them simply red and yellow. 
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Reference Design: Parents Coloured cen Plants 
number in 
tion A Purple flower White fiower White flower Total 
Smooth | Hairy | Smooth} Hairy | Smooth} Hairy 
1 A Self | C.R., B.F.,S. St. CcPP 4 1 — — 2 2 9 
2 B Self |-C:R., PE. 8. Bt. CePP or CcPp Lost 3 sere eras sists taints 
3 C Self | G.R., W.F,,S. St. ccPP (?) — _—— — —— 8 2 10 
4 D Self | GR, W.F., H. St. | cePP or ccPp | — | —- | — | — | — 42 42 
a AxD F Bath dood qdeDnoNGOvONaeOU 3 3 —— —— 6 3 15 
of) UIs a I||| ce wioveceverosererel’s everacecs oGonticng sabe st 5 — — 6 6 18 
6 BPBISCO Wil lveatetoletatelsversisiattieterete. Ml teres elaterere pap db 24 14 ——— —— 34 14 86 
7 E Self | C.R., W.F., H. St. Cepp = = — 209 — 60 269 | 100C.R.+27 G.R. 
8 F Self | O.R., PE, SSt. CcPp 61 12 1 2 19 8 103 | 11C.R.43 GR. 
9 G@ Self | C.R., P.F.,S. St. CCPp 17 6 6 1 — — 30 |5C.R. 
10 H Self | C.R., W.F, 5S. St. ecpp —- — — -—— 11 2 13 | 7G.R. 
Fall aeEtyel Gama |x. Sereno nee Se nesarorae 13 5 1 1 SS 20 |10R. 
a | b (eka 1 al geese fT neascon|| anaro neprasecioteis 18 2 2 1 — —— 23 
3 | a ciel elastees Bye syoyevexescrerelull| Weistsssieiziels Mratalerololels 3 al 2 2 1 1 10 | 2C.R.4+2G.R. 
b FESR S \Waccreecec Sicveryirsts boasccodtos ‘is 3 2 if 2 5 1 20 | 8C.R.46G.R. 
a {* FI ea: ORIOL SRA Aaa Rea 8 5 qT 1 ee | 21 |5CR. 
b HxG aysrelevers ats (elatchevexsvoler'|| Mefsieiste ae ee eriiners 4 2 6 2 — — 14 | 3.CR. 
a a a a a ee a ae ee ae a ee 


C. R.=Coloured rosette. 


G. R.=Green rosette. 


| 


P. F.=Purple flower. \. St.=Smooth stem. 


W. F.=White flower. H.St.=Hairy stem. 
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According to KEEBLE, PELLEw and Jones (1910) the following allelo- 
morphs are responsible for flower-colour :— 

Mm; M being magenta colour factor, dominant to m. 

Dd; D being a darkening factor dominant to d and converting magenta 

to purple. 

Ww; W being a dominant white factor in the presence of which the 
expression of colour due to M is inhibited so that the flowers are 
white. 

These authors considered that the white flowers with red spots, as in 
Primula sinensis (BATESON 1909, KEEBLE and PELLEW 1911, GREGORY 1912) 
carry a dominant white factor (W), which inhibits the expression of colour 
factor M except in the spots. The same opinion seems also to be held by 
Miss SaunpErs (1911).' We have, however, reached a different conclusion, 
i.e., all white flowers are recessive to the coloured and in no case have we 
found any evidence of the presence of a dominant white factor in Digitalis 
purpurea. 

Among the coloured flowers almost every shade could be found between 
deep purplish red and very faint magenta. KEEBLE and his collaborators 
assume the intensifying factor D which conyerts light magenta to deep 
purple. In the present paper we shall not deal with the question of intensity 
of shade in the coloured flowers. 

In both purple-flowered and red-spotted white-flowered plants, the stems 
and petioles are more or less purplish red, while in yellow-spotted whites 
they are entirely destitute of reddish tint and are quite green. 

Among five coloured plants used, plants A, E and F’ segregated into 
coloured and green forms in the self-fertilized offspring, and plant B would 
probably have done the same if the self-fertilized seeds had not been lost, 
while plant G bred true to the coloured type. The results of self-fertilization 
of the former three individuals (Family 1, 7 and 8 of the table) are sum- 


marized as follows: 


1. Without commenting on the dominant white factor she states:—‘*The observations 
made in regard to the inheritance of flower-colour are in entire accord, so far as they go, with the 
facts already published last year by Kresix, Perrew and Jones.” 
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Coloured Green Total 
Obtained 401 121 paz 
Expected 391.5 130.5 522 


Thus the ratio of coloured and green being nearly 3:1, it agrees to the 
simple Mendelian expectation. From selfed G plant we have obtained 35 
individuals which were ali coloured. 

When the heterozygous coloured plants are crossed with green individuals 
the ratio of coloured and green offspring should be 1:1. The results of such 


crosses (Families 5, 6 and 12 of the table) are summarized thus: 


Coloured Green Total 
Obtained 82 85 167 
Expected 83.5 83.5 167 


If, however, heterozygous coloured plants are crossed with homozygous 
coloured plants we should expect the offspring all to be coloured. We have 
made such crosses (Family 11 of the table) and have obtained 44 coloured 
individuals. 

When the coloured homozygote is crossed with a green individual the 
next generation should also be all coloured. We have obtained 43 plants as 
the result of such crosses (Family 13 of the table) and these were all 
coloured as expected. 

Green forms, on the other hand, were found always to breed true to 
type. We have obtained 72 offspring by selfing three green plants C, D and 
H, and they were all green. 

From the above mentioned experiments we may conclude that the green 
forms are recessive to the coloured and follow the simple Mendelian in- 
heritance. 

Coloured plants produce either purple flowers or white flowers with red 
spots, while green plants always have white flowers with yellow spots. The 
coloured plant F with purple flowers, when selfed, segregated into co‘oured 
and green forms, and the former produced both purple flowers and white 
flowers with red spots. Plant G, also with purple flowers, on the other 
hand, when selfed, yielded only coloured offspring. The flowers, however, 
were of two types, i.e. purple, and white with red spots. The numbers 


obtained (Family 9) are: 
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Purple flower White flower Total 
Obtained 23 7 30 
Expected 22.5 7.5 30 


Thus the ratio of purple-flowered plants to white-flowered is approximately 
3) Bale 

Plant £, with white flowers and red spots, when selfed, gave an F, 
composed of white flowers with red spots and white flowers with yellow spots, 
approximately 3:1 in ratio. 

From the above mentioned facts and the results which will be described 
in the following pages (Families 8, 11, 12 and 13) we may conclude that 
purple flowers with red spots are dominant to white flowers with red spots. 

For explaining the inheritance of colour, especially in flowers, we assume 
the following two allelomorphs : 

Cc; C is a colour factor which is responsible for a reddish purple colour 
in stem, petiole, spots of the corolla and dots on the anther, dominant 
to e. C€ is absent from white flowers with yellow spots, which 
contain only ¢, 

Pp; P being a factor in the presence of which the flower turns purple, 
dominant to p, is effective only in the presence of C. P is absent 
from white flowers with red spots which contain C, 

The probable genetic constitution of plant A is CePP, and when selfed, we 
should expect to get purples, and yellow-spotted whites in a 3:1 ratio. 
Observed numbers are, however, 5 of the former to 4 of the latter. This 
marked deviation is probably due to the insufficiency in numbers of F, raised. 
Plant D is assumed.to be either eePP or ccPp, and when erossed with 
A, we should expect to get purples and yellow-spotted whites in equal 
numbers. The numbers actually obtained are 12 of the former and 21 of 
the latter. Although unfortunately we lost the selfed seeds of plant B, when 
crossed with plant C’ we have obtained 38 purple-flowered plants and 48 
whites with yellow spots. The genetic constitution of B would be Cepp (or 
CcPp in case Cis ecPP), and that of C would be either eePP or ccPp. 
Thus in F, of the cross Bx C we should expect to have purples and whites 
with yellow spots in equal numbers. 


When plant E, white with red spots, was selfed we obtained in the 
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subsequent generation 209 whites with red spots and 60 whites with yellow 
spots. We have also 127 F, plants still in rosette of which 100 are coloured 
and 27 are green. The former will no doubt produce white flowers with red 


spots and the latter white flowers with yellow spots. Summing up the above 


we have: 
White with White with 
red spots yellow spots Total 
Obtained 309 87 396 
Expected 297 Se) 396 


We may, therefore, conclude that the genetic constitution of plant H would 
be Cepp. Thus these two kinds of white flowers would be approximately in 


a 3:1 ratio, with their probable genetic constitutions : 


1 CCpp: 2 Cepp : 1 ccpp 
—_—_—__——_————_$_ 
3 white with red spots : 1 white with yellow spots. 


Plant F’, with purple flowers, when selfed gave an F, composed of 73 
purples, 3 whites with red spots, and 27 whites with yellow spots. The 
probable genetic constitution of plant # being CePp, we should expect to 
have the three kinds of plants in a 9:3:4 ratio, but numbers of whites 
with red spots actually obtained are below this ratio. We have, however, 
11 coloured and 3 green plants still in rosette condition, and if most of the 
coloured individuals are whites with red spots the deviation will be very 
much lessened. 

When we have selfed plant G, the F, individuals have been composed 
of purple-flowered, and white-flowered with red spots approximately ina 3:1 
ratio, the actual numbers being 23 to 7. So the genetic constitution of plant 
G is very likely CCPp. 

We should expect F, of the cross /’x G to yield purples, and whites 
with red spots ina 3:1 ratio. The numbers actually obtained in experiments 
were 38 of the former and 5 of the lattter. 

Plant H, white with yellow spots, when selfed gave 13 offspring all 
white with yellow spots. Thus plant H is homozygous in regard to factor 
ce. When /T has been crossed with JF, we have obtained 9 purples, 13 
whites with red spots, and 7 whites with yellow spots. As the genetic 
constitution of plant £’ is CcPp, that of 1 would be ccpp. We should 
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therefore expect to produce these three kinds of plants in a 1:1:2 ratio, 
but the numbers of white with yellow spots actually obtained were much 
smaller than this. There are, however, 8 green individuals among 18 rosette 
plants. As all green plants produce white flowers with ye'low spots, by 
including these the expected number will be approached. By crossing plant 
IT with plant G, we should expect to have purple-flowered individuals and 
whites with red spots in equal numbers. The numbers actually obtained 
were 19 and 16. 

The results obtained by Krreir and his collaborators may be explained, 
in our opinion, in the following way. WKrrpie’s plant A, with purple flowers, 
when selfed, yielded an F, composed of 17 purple-flowered plants and 5 
whites with yellow spots. The genetic constitution of A is very likely 
CcePP. Kererstr’s D and F both had white flowers with red spots. When 
they were selfed, 11 whites with red spots, 2 whites with yellow spots and 
1 purple were obtained from the former, while from the latter 4 whites with 
red spots and 1 purple were produced. Of these two purple-flowered plants, 
KEBLE considered the latter a rogue, since this individual being non-peloric, 
can not be produced from peloric parent F, p-loria being recessive to normal. 
On the other hand, Krrsie seems to lay great stress on the appearance of 
the first mentioned purple, regarding it as indicating the dominance of white 
with red spots. As has been mentioned by Miss Saunprers (1918), in 
experiments with Digitalis it is not uncommon to find rogue or stray plants. 
In our opinion the purple-flowered plant among the I’, generation of Krrrin’s 
plant D was also a rogue. The genetic constitution of Krrpin’s plant D 
and F would thus be Cepp and CCpp. 

Keresir’s plant E, white with yellow spots, when selfed, has bred true, 
So the plant is homozygous in regard to factor e. By crossing D and E, 
KEEBLE obtained an F, composed of 10 purples, 11 whites with red spots. 
and 25 whites with yellow spots. It would seem to us that the genetic 
constitution of E is probably eePp. By crossing with D we should then 


expect these three types of flowers in a 1:1:2 ratio: 


1 CcPp : 1 Cepp 5 1 ecPp: 1 cepp 


1 purple : 1 white w. red spots: 2 white w. yellow spots. 
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According to our assumed genetic constitution, the cross F x E=CCpp x 
ccPp. So that F, will contain :— 
2 CcPp : 2 Cepp 
2 Purple : 2) White with red spots. 
Both purples and red-spotted whites should be produced in equal number. 
KEEBLE, however, has obtained 25 purples and 15 whites. 
KEBLE was not quite sure of the genetic constitution of his plant B. 
It would seem very likely to have been CcPp, and to belong to an extreme 
faint form of purple-flowered plant (described by Kerrpie as white with 
purple flush and red spots). Thus when B is selfed, we should expect to 
get an F, generation composed of purples, whites with red spots, and 
whites with yellow spots in a ratio of 9:3:4. Actual numbers obtained by 
KEBLE were 6 purples, 2 whites with red spots and 4 whites with yellow 
spots. 
KEerBLe’s results are thus explained, without assuming the presence of a 


white dominant factor. 


Summary. 


1. Partial smoothness of the stem in Digitalis purpurea is a Mendelian 
recessive to hairiness, as has been shown by Miss SAUNDERS. 

2. The allelomorphs responsible for colour are :— 

Ce; C being a colour factor, dominant to e. 
Pp; P being .a factor which is active only in the presence of C 
and converting the flower-colour to purple. 

3. In the presence of the colour factor €, the plant shows a varying 
purplish colour in stems, petioles and flowers, when this is absent the plant 
is quite green with white flowers, coloured being dominant to green. 

4. When both factors € and P are present, the flowers are purple. 
Intensity of the purple hue varies much, from deep purplish red to a very 
faint magenta, but this is outside the scope of this paper. 

5. When factor P is absent from plant containing factor C, the flowers 
are white with red spots. There is no proof that this type of flower is a 


dominant white. 
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6. In the absence of factor @, the flowers are white with yellow spots. 
In this type of white flower, there are genotypically two forms, one with 


factor P and the other without it. 


Botanical Institute, Agricultural College, 


Tinperial University of Tokyo. 
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EXPLANATION OF PLATE LNXIII. 


Fig. 1. Purple flower. 
a. Entire flower. 
b. Lower lip of the corolla. 
c, Stamens. 

Vig. 2. White flower with yellow spots. 
a. Entire flower. 
b. Lower lip of the corolla 
c. Stamens. 

Fig. 3. White flower with red spots. ‘ 

Entire flower. 

b. Lower lip of the corolla 


c. Stamens. 
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Der Farbensinn bei Fischen. 
(Karpfen und Goldfische.) 


Von 


Yiinosuké Ohashi. 


Aus dem Institut fiir Meeres- Zoologie. 


Direktor: Prof. Dr. Curyomarsu Isurkawa. 


Mit Tafel XLIV und 26 Textfiguren. 


I. Historische Ubersicht. 


Uber den Farbensinn bei Fischen sind schon zahlreiche Arbeiten erschienen, 
von denen alle, mit Ausnahme der von C. Hess, die Existenz eines Farben- 
sinnes bestatigen. Die Geschichte dieser Forschungen kénnen wir in zwei 


(oder besser in drei) Perioden einteilen. 


Diz ERSTE PERIODE (—— bis 1909). 


Im Jahre 1884 untersuchte Graber die Frage der Farbenunterscheidung 
bei zwei Arten, konnte aber zu keinem wherzeugenden Resultate gelangen. 
Barreson (1887) wiederholte die Versuche mit farbigen Ziegeln, von denen 
weisse und blassblau leicht, aber blaue und dunkelrote schwer erkannt wurden. 
Er war auch der erste, der die Lichtintensitit mit berucksichtigte. ZOLOTNITZKI 
(1901) liess die Fische ihr Futter, roten Cheinoromus, mit weisser, griiner, 
eelber und roter Wolle vergleichen. Sie zogen die rote den anderen Farben 
yor, gingen an weisser und griner vortiber, verweilten aber etwas vor der 
gelben. WASHBURN und Benriey (1908) gebrauchten eine Zange mit farbigem 
Merkmal anstatt Barrson’s Ziegeln und machten Versuche bei Semotilus 
ctrumaculatus. Sie berichten: “Two dissecting forceps were used alike, 
except that to the legs of one were fastened, with rubber bands, two small 


sticks painted red, while to those of the other similar green sticks were 


[Jour. Col]. Agric. Vol. VI, No. 5, 1921.] 
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attached. The forceps were fastened to a wooden bar projecting from a 
wooden sereen, which divided the circular tank into two compartments, and 
hung down into the water. Food was always placed in the red pair of 
forceps, which were made frequently to change places with the green ones ; and 
the fishes were caused to enter the compartment half of the time on one side 
and half of the time on the other. This was to prevent identification of the 
food fork by its position or the direction in which the fish had to turn. The 
animals quickly learned to single out the red fork as the one important to 
its welfare, and in forty experiments, mingled with others so that the associa- 
tion might not be weakened, where. there was no food in either fork, and 
where the forceps and rubber bands were changed so that no odor of the 
food could linger, it never failed to bite first at the red. Moreover, the 
probability that its discrimination was based upon brightness was greatly 
lessened by using, where we experimented without food, a different red much 
lighter than that in the food tests. The fish successfully discriminated red 
from blue paints in the same way, and it was afterwards trained, by putting 
food in the green fork, to break the earlier association and bite first at the 
ereen.” RercHarD (1908) gebrauchte Lvtianus griseus bei seinen Experi- 
menten mit gefirbtem Futter, Atherina. Bei Diskrimination von weil und 
blau sind sie positiv fir weiss; von blau und hellrot, blau und dunkelrot, 
blau und gelb immer positiv fir blau; aber blau mit griin verglichen suchen 
sie beide gleich oft. Auch verwerfen sie nach der Erziehung mit Cassiopea 
rot gefiirbtes Futter. 

Die leicht bemerkbare Ungenauigkeit in diesen Versuchen liegt in der 
unvariierten Lichtintensitiit, so dass bei der Diskrimination von verschiedenen 
Farben nicht Klar wird, ob die Vorliebe der Fische fir oder gegen die Farbe 
yon dem Farbenton oder von der Lichtintensitiit abhingt. Obschon zwar 
WASHBURN und BentLey diesen Einfluss der Lichtintensitiit auszuschalten 
yersuchten, so blieb doch zweifelhaft, ob das Rot nicht einen stiirkeren Reiz 
ausiibt, infolge seiner Intensitiit, verglichen mit Grau, Grin, Blau u. a. Spielt 
die Intensitiit bei diesen Experimenten auch eine Rolle, so entsteht die 
Frage: Reagieren die Fische vielleicht auf das Rot, weil es viel heller ist ? 
Tch meine also, es ware notig gewesen zu yersuchen, nicht nur, ob die Tiere 


zwischen verschieden graduiertem Rot und z. B. Grin unterscheiden, sondern 
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auch zwischen Rot und verschieden graduiertem Grau. Dies kénnte vielleicht 


andere Resultate ergeben haben. 


Dir ZWEITE PertopE (1909—1911). 


Diese Periode habe ich als Vorliufer der niichsten nur der Bequemlich- 
keit wegen aufgestellt. Sie ist gekennzeichnet durch den Streit zwischen V. 
Baver und C. Hess, dem einzigen, der den Fischen einen Farbensinn tber- 
haupt abgestritten hat. Hass (1909) untersuchte den Lichtsinn bei Fischen. 
Diese Arbeit ist mir noch nicht zu Gesicht gekommen, doch yermnte ich, 
dass seine damaligen Resultate in seiner spiteren ‘Arbeit mit verwendet 
worden sind. BavEer (1910) studierte Ceharax puntazzo, Atherina hepsetus 
L., Box salpa ec v. und Mugil sp. auf ihre spektrale Reaktion und schloB, 
da ,,durch verschiedene Adaptationszustiinde Unterschiede in der Reaktion 
auf verschiedene Spektralfarben und farbige Glaslichter hervorgerufen werden, 
welche daftir sprechen, dass die Farben fur die Fische auBer ihrem Hellig- 
keitswert noch einen (nur bei Hell-Fischen) Farbenwert besitzen,“ und das 
Hxss’sche Phiinomen (dass die Fische nur einen den dunkeladaptierten oder 
totalfarbenblinden Menschen ahnlichen Farbensinn haben) nur in dunkel- 
adaptierten Fischen auftritt. Und auch: ,, Wie bei normalen Menschen tritt 
bei Helladaptation zur Unterscheidung der Helligkeit die Unterscheidung der 
Farbenwerte (Rotscheu bei Chorax, Atherina ; Vorliebe fir Blau bei Bow). 
Von diesem Standpunkt aus schlieBt er auf einen Farbensinn bei Fischen. 
C. Hess (1910) leugnete aber in seiner Arbeit ,, Uber den angeblichen 
Nachweis von Farbensinn bei Fischen “ alle yon BaveEr dargestellten Er- 
gebnisse und schrieb: ,, Aus den besprochenen Untersuchungen, die BAavurnr 
gegen mich anfthrt, kann also nur der eine Schluss gezogen werden, dass 
auch diese Fische sich offenbar ahnlich wie die von mir untersuchten und 
durchaus so verhalten, wie es der Fall sein muB, wenn ihre Sehqualititen 
ahnlich oder die gleichen sind wie jene des totalfarbenblinden Menschen.“ 
Endlich sagte er, ,,dass keine yon ihnen das Vorkommen yon Farbensinn 
bei Fischen auch nur wahrscheinlich macht.“ BavEr (1910) behauptete in 


der Erwiderung seine vorige Ansicht. 
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Diez pRITTE Pertope (1911— ). 


An Bauers Stelle trat jetzt V. Frisco auf; die zwischen ihm und C. Hrss 
bestehende Meinungsverschiedenheit wurde in den folgenden Jahren oft erértert 
und ihre Ergebnisse waren wesentlich. Zur Ubersicht fiihre ich im folgenden 
die Hauptpunkte des Streites an. 

1. Die Hess’sche Behauptung.—Sie stiitzt sich im wesentlichen auf 
zwei Hauptpunkte: eine spektrale Untersuchung und eine andere Ver- 
gleichungsmethode. 

» Stellt man ein Bassin mit Junefischen, die eine halbe Stunde oder 
langer dunkel gehalten waren, so auf, dass die Breite des Spektrums ungefihr 
der Breite des Bassins entspricht, also dessen verschiedene Teile von 
verschiedenen homogenen Lichtern durchstrahlt werden, so schwimmen bald 
fast alle Tiere in der Richtung gegen das Gelbgriin bis Grim des Spektrums: 
in wenigen Sekunden hat sich die groBe Mehrzahl der Fische hier gesam- 
melt. Schon im Gelb sind sie jetzt wesentlich spiirlicher, nach dem Gelbrot 
nimmt ihre Zahl rasch betriichtlich ab, und im Rot des Spektrums bleiben 
im allgemeinen wenige oder gar keine Fische, ebenso in den dunklen, dem 
Ultrarot entsprechenden Partien des Bassins. Auch nach der anderen Seite 
des Grim, gegen das kurzwellige Ende des Spektrums zu, nimmt die Zahl 
der Fische betrichllich, doch nicht so rasch ab, wie gegen das langwellige 
Ende; im Grinblau bis Blau bleibt meist noch eine, freilich nicht groBe 
Zahl yon Fischen, die gegen das Violett hin immel kleiner wird “; und 
» verschiebt man durch eine entsprechende Kleine Bewegung der groBen 
Konvexlinse yor dem Prisma das Spektrum um einige Zentimeter nach 
links, so haben sich in wenigen Sekunden nahezu simtliche Fischchen nach 
links gedreht und schwimmen, grésstenteils parallel zueinander, wieder der 
Gegend des Grin zu; wird das Spektrum nun rasch in der entgegengesetzten 
Richtung yerschoben, so macht die ganze Schar kehrt und eilt wieder zum 
Grin.“ Von dieser Beobachtung ausgehend, bemiihte er sich eine weitere 
», messende “ Untersuchung anzustellen, die folgendes ergab: ,, Fir die in Rede 
stehenden See- und SiiBwasserfische liegt die hellste Stelle des Spektrums in 
der Gegend des Gelbgriin bis Grin. Die Helligkeit nimmt fir sie von hier 


gegen das langwellige Ende rasch ab und ist schon in der Gegend des Gelb 
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wesentlich kleiner als in der Gegend des Gelbgriin bis Grin; die gelbroten 
und roten Strahlen des Spektrums haben fir diese Fische nur einen sehr 
kleinen Helligkeitswert. Nach dem kurzwelligen Ende von der Gegend des 
Gelbgrin bis Grin nimmt gleichfalls die Helligkeit des Spektrums fir sie 
ab, dogh weniger rasch als nach dem langwelligen.““ D. h., ,, die Kurve der 
relativen Helligkeiten zeigt also auch hier die fir das totalfarbenblinde 
Menschenauge charakteristischen Eigentiimlichkeiten.“« Aus den bisher mit- 
geteilten Untersuchungen schlieBt er: ,, Die Fische verhielten sich also bei 
allen meinen Untersuchungen anniihernd (oder genau) so, wie totalfarben- 
blinde Menschen bei jeder und wie normale dunkeladaptierte Menschen bei 
herabgesetzter ichtstarke sich verhalten wirden, die unter entsprechende 
Verhaltnisse gebracht, nach den jeweils fir sie hellsten Stellen strebten.“ 

Nichst will ich seine zweite Untersuchung tbersichtlich schildern, die 
», Gleichung “ zwischen farbiger Afttrappe und farbigem oder farblosem 
Grund. Der Kiirze wegen will ich nur seinen Schluss darstellen und nicht 
den Prozess, ,, da die Fische auf die Attrappe oft losfuhren, wenn ihr farb- 
loser Helligkeitwert von dem des Grundes wesentlich verschieden war, wie 
immer die Farben beider uns erscheinen méchten; da& sie dagegen, wenn 
der farblose Helligkeitwert der Attrappe von jenem des Grundes nur wenig 
oder gar nicht verschieden war, ihr wenig oder gar keine Beachtung schenkten, 
auch dann, wenn sie fur unser Auge sich durch lebhafte Farbune anfs 
deutlichste vom Grunde abhob.‘ Um weiter seine Versuche mit méelichst 
freifarbigen und zugleich kontinuierlich yariablen Reizlichtern anzustellen, 
bediente er sich eines Verfahrens, dessen modifizierter Apparat der meinige 
ist, und schlieBt aus diesem Versuche: ,, Alle diese Befunde bleiben unyer- 
staindlich, wenn man den untersuchten Fischen Farbensinn zuschreiben will ; 
sie sind ohne weiteres verstandlich, ja zu erwarten, wenn die Sehqualititen der 
Fische ahnliche oder die gleichen sind wie die des totalfarbenblinden Menschen.‘, 

Seine Untersuchung ist am meisten wissenschaftlich, wie er selbst saste. 
Wie yerschieden auch andere, von anderen Autoren aufeestellte Ergebnisse sein 
mogen, so werden die seinigen immer bestehen bleiben, insofern niemand 
eine entgegengesetzte Meinung aufstellen kann, welche noch nicht yon ihm 
selbst schon einmal versucht worden ist. 


Eine Frage, welche ich, ein Laie, bezuglich seiner (ophtalmologenen) 
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Spektraluntersuchung hege, ist die Helligkeit seines Spektrums, das auf die 
jungen Fische im Aquarium fiel. Bei skotopischen Menschen wird der hellste 
Punkt in der Luminosititskurve vom Spektrum nach der kurzwelligen Seite 
geschoben ; das findet sich auch gleicherweise im dunkeln Spektrum bei 
photopischen Menschen (Fig. 1, 2 und 3). Wenn das yon Hrn. Hess in 
seiner Untersuchung angewandte Spektrum das Dunkelspektrum (nur in dieser 
Grenze in seiner Helligkeit kontrollierte) war, so musste er notwendig eine 
den Totalfarbenblinden ihnliche Luminosititskurve gewinnen, obwohl die 
Fische gar nicht farbenblind waren. Die Helligkeit des in seiner Unter- 
suchune gebrauchten Spektrums ist also durchaus von Belang. 

2. v. Friscu’s Behauptung.—Seine Bestiitigune des Farbensinns bei 
Fischen ertindet sich auf die Untersuchung der Anpassung bei Fischen am 
Grund: ,, Roter und gelber Untergrund veranlassen genau die gleiche Farben- 
anpassung. An griinen, blauen und yioletten passen sich die Pfrillen nur 
ihrer Helligkeit an.“ Dagegen ,, bei blinden Pfrillen bleibt selbst monatelange 
Haltung in farbigem Lichte vollig ohne Einfluss auf den Expansionszustand 
der Pigmentzellen, und auch. ein Einfluss der Farben auf die Pigmentbildune 
war nicht nachzuweisen.“ In seinen vielen Arbeiten behauptet er immer diese 
farbige Anpassung an den Boden, aus der er den Farbensinn bei Fischen 
glaublich machen will. 

Was zugleich ihn zu diesem SchluB leitet, ist die Farbeninderung der 
Fische in ihren Sexualzeiten, die er als ein Hochzeitkleid bezeichnet, welches 
bestimmt sei, das andere Geschlecht anzuziehen, und so bejaht er teleologisch 
den Farbensinn bei Fischen. 

Die Hauptteile ihrer beiderseitigen Behauptungen wurden oben abgekurzt, 
aber wenn man die yon jedem von ihnen erhaltenen Ergebnisse vergleicht, so 
findet man ganz und gar keine Ubereinstimmung. v. Friscu schrieb, bei 
den mit gelben Futter gefutterten Fischen positive Diskrimination~ zwischen 
gelben und grauen, fast gleichhelligen Attrappen geschen zu haben; dagegen 
sagte C. Hess, dass bei dem Anpassungsphiinomen keine Verschiedenheit 
zwischen rotem und grauem Grund beobachtet werde, und auch dass die 
Fische ihre Hochzeitkleider in den tieferen Wasserschichten wohl nicht 
erkennen kiénnen, wie wir sie in der Luft sehen, ,, unsere Fische sich rot 


firben, um gelb auszusehen ?* 
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Dies ist die historische Ubersicht in bezug auf den Farbensinn bei 
Fischen. Diese Aufgabe bleibt also nach drei Richtungen hin noch weiter 
zu untersuchen: spektrale Versuche, Vergleichung der Objekte mit dem Grund 
und das Anpassungsphinomen an den farbigen Boden. 

Weiter will ich etwas niiheres ther die Hochzeitsfarbe, welche von yY. 
Frisch und anderen als ein Beweis fir den Farbensinn angefihrt wird, 
schreiben, beyor ich dieses Kapitel zu Ende bringe. 

Die verschiedene Absorption des Wassers von verschiedenen Tichtstrahlen 
ist eine aufiallende, schon bereits bekannte Tatsache; besonders rotes und 
orangegelbes Licht wird bald nach dem Eindringen ins Wasser sehr schnell 
absorbiert, tiefer als 5m finden sich nur 0.379% und 0.259 der in 1m 
Tiefe vorhandenen Lichtmenge; wihrend griine und andere kurzwellige 
Strahlen nicht so stark absorbiert werden, weshalb der Farbenton des Wassers 
da blau aussieht, und die durch die Wasserschicht gesehene Farbe wird ihren 


roten Ton yerlieren und einen neuen, blauen Ton annehmen. 


TABELLE I. 


Lichtabfall nach der Tiefe zu, ausgedriickt in Tausendteilen 
der in 1 meter yorhandenen Lichtmenge. 


Tiefe | | 
Rot. Orangegelb. Grin. | Blau-griin Blau. Blau-violett: 
vA | 
1 1000. 1000. 1000. 1000. 1000. 1000. 
5 S30 2.5 250 250 450 866 
10 2.7 2.0 166 | 166 437 800 
20 0.03 i) 5.8 21 277 666 
50 0.0021 0.032 pap} | 25 201 200 
75 0.008 0.75 2.2 25.6 100 
100 0.001 0.03 | 0.033 5.5 10 
200 0.004 0.01 0.04 L. 
500 0.0016 | 0.004 0.004 0.1 
1000 0.0003 0.0001 0.003 
1500 | (0.00001) 


——————— ee __e 
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Lichtabfall nach der Tiefe 
Abs. Tiefe in Meter 
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Textfigur 1. 
TaBELLE II. 
Anteil der einzelnen Spektralgebiete an der Zusammensetzung 
des Lichtes in den verschiedenen Tiefen. 
Gesamtlichtmenge in jeder Tiefe = 1000. 
Tiefe | 
Rot. Orangegelb. | Griin. Blau-griin. . Blau. Blan-violett. 
m. | 
—— —— —————— rae 
1 96.7 165.7 | 165.7 165.7 198.9 207.3 
5 0.98 1.18 | 117.3 117.3 254.0 508.8 
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a Rot. Orangegelb, Grin. Blau-griin. Blau. Blau-violett. 

m. \ daa : 
10 | 0.84 1.06 89.64 89.64 282.3 537.1 
20 0.018 | = 1.05 4.68 17.26 279.71 697.2 
50 0.0025 0.069 4.53 5.04 486.0 504.0 
75 0.054 4.73 14.20 193.6 787.5 
100 | 0.0052 1.56 1.73 346.2 650.8 
200 3.18 8.06 37.16 952.0 
500 12.27 30.63 30.80 920.3 
1000 74.69 37.31 888.1 
1500 (1000.0) 


Anteil der einzelnen Spektralgebiete 


der Kurve d. obigen Tabelle. 


Textfigur 2. 


» Bereits in Tiefen von nur 3—4m erscheint 


ein in der Luft leuchtend 


roter Fisch, auch wenn das Licht nur schriige, nicht senkrecht, nach unten 


gerichtet ist, nicht mehr rot, sondern im allgemeinen nur braungrau bis 
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eelbgrau, bei giinstiger Beleuchtung schwach rotlich graugelb.* So schrieb 
C. Hess von seinem wirklichen Experiment. In einer Tiefe von 50m _ betrigt 
das rote Licht nur 2,1 und orangegelbes 32 in Millionteilen, selbst griines 
nur 2,2 und das blaugriine 2,5 in Tausendteilen des Lichts an der Oberfliche ; 
wihrend blaues und blauviolettes in dieser Tiefe noch hunderttausendmal 
stiirker bleiben als rotes. Daher kénnen dort laichende Fische nicht mehr 
die Hochzeitsfarben, und besonders nicht die langwelligen, erkennen, wie wir 
sie in der Iuuft sehen. Besonders ist die Frisch’sche Ansicht, in dieser 
Hochzeitsfarbe ein Anziehungsmittel zu vermuten, wndenkbar bei den in der 
Nacht laichenden. 

Je tiefer wir ins Wasser hinabtauchen, desto dunkler wird es, das Wasser 
absorbiert niimlich die verschiedenen Lichtstrahlen allesamt, und die Hellig- 
keit fiillt so schnell ab, daB in 50m Tiefe nnr 1/12 der in 1m Tiefe 
yorhandenen Lichtmenge dringt; also in dieser dunklen Gegend haben sie 
vielleicht monochromatische Augen, die wir normalen Menschen in der Diam- 


merung besitzen. 


TAaBELLE III. 


Lichtmengen in Smk. (Sekunden-meter-kerzen.) 


Tiefe Rot. Orange-gelb. griin. Blaugriin. Blau. Blau-violett. 
m. 680—610 620—585 570-515 545—486 475—420 435—400 
1 700 1200 1200 1200 1440 1500 Smk. 
5 2.5 3 300 300 648 1300 
10 1.89 2.4 200 200 630 1200 
20 0.027 1.5 7 25.2 400 1000 
50 0.0015 0.041 2.7 3. 290 300 
75 —- 0.0104 0.9 2.7 37 150 
100 — 0.0012 0.036 0.04 8 15 
200 — — 0.005 0.013 0.06 15 
500 0.005 0.006 0.15 
1000 0.0004 0.0002 0.005 
1500 — oe (0.00002) 
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Lichtmenge in Smk, 
Abs. Tiefeinm. Ord. Willkiizlich 
die Kurve d. obigen Tabelle. 


/ s 70 20 50 7S 
Textfigur 3. 


Wenn die Fische auch wesentlich nicht farbenblind sind, werden sie in 
solehen Tiefen wirklich farbenblind. Obschon nicht monochromatisch, hindert 
wenigstens die Abkiirzung des Spektrums an der langwelligen Seite bei 
Skotopischen die Diskriminationsfiihigkeit der Fische, besonders die von Rot 
(vergl. Fig. 1—3). 

Dazu kommt noch Purkinjes Phiinomen, welches C. Hess bei seinen 
Fischen leugnet, aber seine Gegner behaupten. Jedoch meine ich, dass dieses 
Phanomen, wenn es sich findet, sie getiiuscht hat, weil die Luminositit des 
Rots, wie die Kurve (Fig. 4 ) zeigt, niedriger als die des Blaus wird, 


gemass der totalen Luminosititsabnahme. 


10 20 30 40 50 60 70 8 70 109 110 120 130 (40 150160 
«© Rlet > 
Textfigur 4. Kurve der gleichen Luminositiit des Rot- (670) und Blaulichtes (450) bei 
verschiedener Intensitiit. (Schlitzweite) (Nach Kéyte) 
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— Konig — 
Groésste Lichtintensitat 


67050 25 6559075 55 3520 


Textfigur 5. Normale trichromatische Luminosititskurve fiir verschiedene Lichtstiirke. 
Abscissen: A des prismatischen Spektrums des Gaslichts. 
Ordinaten : willkiirliche Skala. (Nach Kote.) 


Textfigur 6. Luminositiitskurve (Nach Haycrarr) 
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Textfigur 7. Normale trichromatische photopische und skotopische ILuminosititskurve. 
Eine Amylacetat- oder Hefner-Einheit ist gleich 0,9 internationaler Kerzenstiirke. 


—- — -, Luminositiit des Spektrums fiir ein normales Auge, das Tageslicht 


1 
reduziert auf 7325 einer Amylacetatlampe 1 Fuss vom Schirm entfernt ; 


Luminositit fiir das normale Auge mit gewéhnlicher Intensitit des Spektrums. 


Also in dunkler Tiefe kénnen die Fische, wenn sie auch trichromatisch, 
wie behauptet, vergleichend das Blau wohl sehen, aber das Rot (langwellige 
Strahlen, d. h. die Farbe des Hochzeitkleides) nicht so wohl sehen k6nnen. 

Demnach ist es sehr zu bezweifeln, dass die Fische an ihrem Wohn- oder 
Laichplatze, wenn dieser nicht sehr seicht ist, ihre priichtigen Hochzeitskleider 
so sehen kénnen, wie wir es in der Luft imstande sind, und Frisch’s Ansicht 
kann demnach kaum die richtige sein. 

Sind dagegen die Fische monochromatisch, so ist das Anpassungsphinomen 
immer noch zu erkliiren, weil Monochromaten die Farbe nach ihrer Helligkeit 
unterscheiden, wenn auch nicht die Farben selbst. Immerhin lésst die Frage 
des Hochzeitskleides noch einige Zweifel zu. Wenn meine Vermutung richtig 
ist, ist es eine physiko-chemische (Hormonen-) Erscheinung, die mit dem 


korperlichen Zustande ohne Beziehung auf den Farbensinn auftreten muss. 
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II. Apparat und Strahlenfilter. 
Wie der Schall drei Eigenschaften: Intensitiit (loudness), Hohe (pitch) 


und Ton (timber) hat, so auch die Farbe drei: Ton, Intensitaét und Sattigung ; 
eassen wir einen Punkt aus, so kommen wir der Wahrheit nicht nahe. Be- 
sonders ist die Farbenuntersuchung ohne Beachtung der Intensitiit, sozusagen, 
vine Luftspiegelung. Doch ist sie am schwierigsten zwischen zwei Farben, 
orztiglich verschiedenen Farben, zu vergleichen, und est nicht leicht zu 
bestimmen, welche yon ihnen mehr dunkel oder hell ist. Zu diesem Zweck 
giebt es eine flackernde Methode, die ziemlich richtige Ergebnisse liefert, aber 
yon niemand bisher vielleicht wegen ihrer Schweranwendbarkeit in den Ver- 


suchen gebraucht worden ist. 
1. ErnkAmMER-AQUARIUM. 


Ich benutzte ein Einkammer-Aquarium 
(Fig. 8, A) das in der Diskrimination des zu 
untersuchenden Lichtes, besonders bei Fischen, 
in einigen Punkten besser ist, als das bisher 


in Experimenten auf diesem Gebiete meist 


gebrauchten Zweikammer-Aquarium (Fig. 8, 
Textfigur 8. B). Die Tiere konnen immer, nicht verhindert 

mice tatse von der Trennung (P), herumschwimmen und 

ihre Absichten werden frther und deutlicher beobachtet, eine notwendige 

Bedingung bei diesen Vergleichungsversuchen. 

Die zwei Lingswiinde (Fig. 9) sind 


durch schwarze Kartons vor seitlich 


Ce ee 5C 
einfallendem Lichte geschutzt und die 
ubrigen zwei bleiben frei, deren eine 
(Fig. 9, e.d.) aber beliebig durch den 
4 a Schirm (S) geschttzt wird, an dem ein 


Ausschnitt (A), durch den die Strahlen 
Textfigus.2: einfallen, sich befindet. Auch die a b 


Erklirung im Text. 
Seite kann beliebig geschutzt werden. 
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2. Der Scutrm. (Textfic 10). 


Mit den Kartons, K,, K,, u. K, wird die Weite des Ausschnitts beliebig 
kontrolliert, die die Skala (sk) zeigt. 


ty 


Z2\SES7 
Textfigur 10. 


3. PHOTOKASTEN. 

Ein Apparat, kontinuierlich 
variable Lichtintensitét zu gewin- 
nen. Es ist hochst notwendig die 
Intensitit beliebig messbar zu 


andern; zu diesem Behuf wird 


dieser Apparat hergestellt, welcher 
mittels des Verschiebens der Dille 


(Lampe) verschiedene Intensitiit in 


Zentimeter-Kerzen zeigt. Der Kas- 
ten besteht aus drei Teilen: Skalakasten, bewegliche Dille (Lampe) und 
Uberdicke. 


Textfigur 11. 


i) Skalakasten (Textfig. 11) :—Aus einem Holzbrett gebildet, hinten eine 
Tir (T) mit Angel (A) versehen, das Lampenlicht kommt aus dem Vorderteil. 
Oben hat es einen Lingsschnitt (Sch) mit Skala 
(Sk), dem entlang die bewegliche Dille geschoben 


wird. Skala in Zentimetern. Tnnenwiinde 


WEN schwarz. 
ii) Bewegliche Dille (Textfiz. 12) :—Sie hat 


in der Mitte einen Zeiger (z), welcher die Stellung 


der Lampe, ihre Entfernung yon der Aquarium- 
Textfigur. 12. wand, in em zeigt. Mit beliebiger Kerzen- 


lampe versehbar. 
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iii) Uhberdicke:—Das durch den Ausschnitt (Sch) fliessende Licht abzu- 
halten, sonst konnen wir die Lichtintensitét an der Wand des Aquariums nicht 
bestimmen. 

Dieser Kasten ist aber nur eine ganz einfache Vorrichtung, welche ich 
selbst konstruiert habe. Spiter wurde ein noch verbesserter angewandt, 
welcher in einer folgenden Figur verdeutlicht wird. 


9 


3. WIDERSTANDSDILLE. 


(,, Dim-a Lite “ yon Wirt Co., Philadelphia, U.S.A.). Sie kontrolliert nur 


einfach die Intensitiit, stufenweise in vier Graden. 


4. TLampr. 


», Mazda “ Tungstenlampe, 5, 10, 20, 50 u. 100 Kerzen. 
i Kohlenlampe, 1 Kerze u. a. 


5. STRAHLENFILTER. 


i) Filterbassin (Fig. 13):—Ein Bassin mit 
parallelen Glaswiinden, die ca. lem weit von- 
einander entfernt sind. 

ii) Farbenlésung :—Zu diesem Experimente 
gebrauchte Farbenlosungen sind: Rot, Orange, 
Pash. Grin, Blau, Gelb und Violett, unter denen nur 

die yier ersten ziemlich rein, monochromatisch, 
die letzten beiden klar polychromatisch sind. 

Obschon sie unter einem Spektroskop examiniert und moglichst rein 
hergestellt wurden, so konnte ich doch aus Mangel an feineren Massstiben 
keine vollkommene Bestimmung ihrer Reihe im Spektrum erhalten. Je dunner, 
desto unreiner werden sie, also konzentriere ich die Farbe immer stirker, bis 


beinahe kein anderes Farbenlicht mehr durchgeht. 
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Losungsmittel 


K-mono o. bichromat u. Methylenblan 


Farbe des Lichtes 
Rot Karmin u. Saffranin 
Orange Orange G. Dr. Drudler 
Gelb Kaliummonochromat 
Grin 
Blau Methylenblau 
Violett Gentianaviolett 


III. Phototropismus. 


1. BEI EBEN AUSGEBRUTETEN GOLDFISCHEN. 


Die Fische waren nur 
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12—24 Stunden alt und wurden zu 50 in das 


Gefiiss (Fig. 14) eingesetzt, von dem 


oo 


drei Wande mit schwarzer Pappe be- 


Textfigur 14. 
Erklir im Text, 


deckt waren, die vierte aber frei blieb, 
um die Bewegung der Fische zu sehen. 
Die Lichtquelle ist eine 5 k. Kohlen- 
lampe, die Wasserhohe ca. 9 em. Die 
Strahlen fallen durch den Ausschnitt an 


der Wand AB ein, der ca. 2/3em weit und ebenso hoch wie das Wasser 


ist. 


FUR WEISZES, ROLES UND GRUNES :—Licht sind die Fischchen ganz deutlich 


Textfigur 15, 
Erklar im Text. 


positiv phototropisch, wie aus der neben- 


stehenden Skizze (Fig. 15) unzweifelhaft 
hervorgeht. Wenn der Karton (Fig. 14, 


AB) yerschoben wird, so folet die ganze 


Schar dem Lichte, bald nach rechts, bald 


nach links. Unter verschiedenen Farben- 


lichtern finde ich keinen Unterschied, auch keine Abneigung gegen das Rot. 


Nach einer Woche fand man keine Anderung in diesem Verhalten. 


2. BIS EINEN Monat autre LARBALENFISCHE. 


1—1,5 em eross) 
bo) 


Kinige von ihnen reagieren schwer, aber yiele ebenso lebhaft positiv wie 
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die vorigen auf jedes Licht, weifes, rotes und grimes. Sobald die Lampe 
lings der Wand AB bewegt wird, schwimmen sie derselben munter nach. 


Auch hier konnte ich keine Rotscheu beobachten 


3. ZWEIJAHRIGE GOLDFISCHE 


(Grosse ca. 6—T em.) 


10—-15 Min. im Dunkel gehaltene Fische sind auch positiv phototrop fir 
jedes Licht, weiBes, rotes und griines, wie 
die vorigen, aber nicht so lebhaft. Sie 
sammeln sich auf dem hellsten Platze 
(Fig. 16, H) bei jedem Licht. Photo- 
pische Fische wenden sich zuniéchst vom 
Licht ab, im Gegensatz zu vorigen, suchen 
aber auch allméhlich den hellen Platz. 
Im ganzen sind ihre Bewegungen sehr 
ahnlich denen der folgenden dreijahrigen 


Fische. Wie immer der Fall sein mag, 


konnte ich auch bei ihnen keinem 


Textfigur 16. 
Erklir. im Text. Rotschen-Phiinomen begegnen. 


4, DREIJAHRIGE GOLDFISCHE. 


(Grésse ca. 10—12 cm.) 


Fur weisses Licht sind sie, falls skotopisch, auch positiv phototropisch, 
aber nicht so deutlich als die anderen; sie schwimmen umher, bald in, bald 
aus den Strahlen, aber versammeln sich nicht alle dauernd auf dem Ort (Fig. 
16, H), besonders wenn der Strahl so stark ist, dass alle Teile im Aquarium 
ziemlich hell sind. Je dunkler es ist, desto leichter sammeln sie sich, und 
muissen wir ihre Bewegung bald nach der Beleuchtung sehen, sonst beginnen 
sie allgemein umherzuschwimmen. Jedoch konnte ich keine beobachten, die 
die Strahlen vermeiden oder das Dunkel suchen. 

Wenn 5—10 Min. lang mit der 20k. Lampe belichtet wird, halten sie 
sich zuniicht an dunklen (Fig. 17, DK), der Lichtquelle enteegengesetzten 
Orten auf, schwimmen dann herum; sie sind fir 2—3 Min. lieber negativ ; 


dann werden sie allmihlich positiv und kommen aus dem Dunkel hervor, 
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guletzt anf (Textfig. 17, H.) Von dann schwimmen sie wie friher umher (vergl. 
v. Franz’ Ansicht). 

Bei diesem Experimente schliesse ich mein linkes Auge und sehe nur mit 
dem rechten die Bewegung der Fische. 
Deshalb, wenn das Licht ausgeloscht ist, 
ist mein rechtes Auge wie das der Fische 
photopisch, also kann ich mit dem rechten 
ebenso wie sie sehen, dazu noch mit dem 


linken deutlich ihre Bewegung beobachten. 


Sie sammeln sich erst in den dunkelsten 
He te Teilen (Textfig. 17, DIX) und beginnen dann 
Erklirung im Text. 

allmahlich nach B zu schwimmen, darauf 
nach H, zuletzt sammeln sie sich nach 2—3 Min. auf dem hellsten Platze, 

Je linger das Licht auf sie gerichtet war, desto spater, geschieht dies. 
Fir rotes Licht sind sie, wenn skotopisch, auch positiv; ich habe keinen 
Unterschied von vorigen Fillen bemerkt. Nur muss die Lampe wegen der 

stiirkeren Lichtabsorption der Farbenlosung niher gebracht werden. 


e 


Photopische, mit 20 k. Lampe fur 5 


10 Min. belichtete, zeigen auch 
keine Anderung, sind auch positiv und beschreiben die Kurye ABC. 

Fir erimes u. gelbes Licht erweisen sich sowohl skotopische wie photo- 
pische auch positiv phototropisch; es zeigt sich kein Unterschied von vorigen. 

Nach diesem Experiment sind die Goldfische (bis zu drei Jahren) fur 
jedes (weisses, rotes und griines) Licht positive Phototropen und jene 
Bauersche ,, Rotscheu “, daB die Tiere, obwohl fir das weike Licht positiv, 
fiir das rote aber sehr scheu seien und es vermieden, wird nicht bemerkt. 


. 
Umeekehrt sah ich sie manchmal nahe am roten Lichtfenster ruhig versammelt. 


IV. Farbendiskrimination. 
1. EBEN AUSGEBRUTETE FISCHCHEN. 


Gleichstellung zwischen rotem u. grinem Licht. Ein viereckiges Aquarium 
(Textfic. 18) gebraucht, das zwei Ausschnitte an der Wand AB hat, von denen 
einer rot (R), der andere grim (G) von einer Lichtquelle (I) belichtet wird. 


Wenn das Lichtin die Mitte gestellt wird, sammeln sie sich in Scharen 
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am grinen Ausschnitte, wo dann der hellste Teil des Gefisses ist. Wird die 
Lampe mehr rechts geschohen, nach 

dem roten Schnitte, so dass jetzt 

dieser heller beleuchtet ist, so 

sammeln sie sich jetzt an dem roten 


R & 
aoe | [ ee | Ausschnitte. Nun schiebe ich die 


A B Lampe wieder links, nach der vori- 
gen Stellung, bis die Lichtinten- 
sitit der beiden ‘Teile 


beinahe 
Textfigur 18. 


Eun dm “Test TV a gleich aussieht ; dann sammeln sich 


beinahe gleiche Scharen von ihnen 
an den beiden Ausschnitten. Wir konnen ihre Bewegung beliebig mit der 
Lampe beherrschen. Diese Tatsache beweist uns, dass ihre Gleichstellung oder 
tropische Reaktion nur, von der Lichtintensitiit und keinem Farbenton abhiingt, 
und weder Abneigung noch Vorliebe vorhanden ist; also auch hier konnte 


ich keinem Bauerschen Phiinomen begegnen. 


2. Emyen Monat Autre FIscue. 


Zwischen Weiss und Rot, Weiss und Grim, Rot und Grin wird kein 
Unterscheid beobachtet, und keine spezielle Abneigung oder Vorliebe gegen 


oder fir die Farbe erkannt, wie bei den yorigen Versuchen. 


3. DREIJAHRIGE FISCHE. 


In diesem Falle ist es auch ganz so wie vorher. Nachdem ich sie im 
Rot sammeln liess, wurde die Lampe im Photokasten weiter geschoben, bis 
jetzt das andere viel heller mit blossen Augen gesehen wurde, dann schwam- 
men sie nach dieser stiirkeren Farbe. Wird das Rot wieder stiarker, oder 
die andere Farbe schwiicher gemacht, das rote Licht also heller als das andere 
aussieht, dann kehren die Fische wieder ins rote Licht zurick. Ganz alnlich 
zwischen Rot und Orange, Rot und Grin, Rot und Blau. Die Auswahl fand 
nur nach der Intensitiit, nicht nach dem Farbenton statt. 

Nach dieser Beobachtung sind alle bis drei Jahre alten Goldfische im allge- 
meinen positive Phototropen, nattvlich respondieren einige von ihnen nicht so 


klar wie andere, doch ist leicht zu vermuten, dass soleche Phiinomene yon 
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verschiedenen Faktoren beeinflusst einige Ausnahmen zeigen. Die eben aus- 
gebruteten Fischchen sind bei der Wanderung am lebhaftesten und je iter, 
desto triiger scheinen sie zu werden. 

Hinsichtlich der Diskrimination unter verschiedenen Lichten giebt es 
bei ihnen weder Vorliebe noch Abneigung fur oder gegen spezielle Farben, 
sodass: ihre Wanderung nur von der Intensitat des Lichtes abhingt. 

Also, ich kann kein Bauersches ,, Rotscheu ‘‘ Phinomen bei ihnen 
beobachten, sondern die Fische sind positiv phototropisch fur alle Farben, 
darum kinnen wir in diesem Gebiet keine spezielle Stiitze fir den Farbensinn 


der Fische finden. 


V. Vergleichung. 


Eine Methode den Farbensinn bei Fischen zu bestimmen. 


1. Vorricarune. (Textfig. 19) 


Kin Aquarium, dessen zwei Liineswiinde durch schwarze Kartons vor 


seitlich einfallendem Licht geschitzt sind. Dicht an der Wand AB wird ein 


Textfigur 19. Erklir. im Text. 


dunnes, weiBes Papier (P) angebracht, an dem ein Karton (k) aussen sich 
befindet, aus welchem an passender Stelle (im Mittel 2—3 am hoch yom 
Boden) einige Punkte yon der Form und Grdsse des Futters ausgeschnitten 
sind. Vor dem K ist ein Photokasten in dem ein Spiegel 45° gegen die 
Achse des Kastens und die Wand des Aquariums steht. Wenn daher die 
Lampe (L,) belichtet ist, werden einige Punkte von der Form vnd Grosse 


des Futters am weifen Papier belichtet. An der Wand CD steht ein anderer 
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Kasten mit einem matten Glas (G); die Lampe (L,) in diesem Kasten 
kontrolliert (veraindert) die Helligkeit an der entgegengesetzten weissen Papier- 
flache (P). Der Lichtfilter F, giebt die Futterfarbe: und der andere F, die 
Grundfarbe. Der Beobachter sitzt bei M und beobachtet, durch die Wasser- 
schicht blickend, die Fische. Alle Versuche werden im Dunkelzimmer vor- 
genommen, sodass in das Aquarium kein Licht auBer dem von L, und- durch 
den kleinen Ausschritt in (IK) gelangen kann. Jy, ist eine 20K. und L, eine 


50 K. Tungstenlampe. 


2. JEXPERIMENT. 


Goldfische, die schon ca. 1 Jahr lang mit vrotem Futter aufgezogen 
worden sind, schnappen zu 80—90° nach ihrem gewohnlichen roten Futter, 
wenn zugleich anders gefiirbtes mit jenem gemischt gegeben wird.| 

1) Zuerst wird nur die weisse (weil in F, nur Leitungswasser sich 
befindet) Lampe L, erleuchtet. Ich lasse still das gew6hnliche rote Futter 
dicht vor der Wand AB (d.h. vor dem weiben Papier P) ins Aquarium 
fallen, welches bald von den Fischen gesehen und gefressen wird. Hierauf 
wird die Lampe LL, erleuchtet. Wie oben schon berichtet, gibt das am 
Spiegel reflektierte Licht aus L,, gefirbt durch die rote Lisung im Lichtfilter 
F,, ein dem gewohnlichen Futter im Form und Grosse beinahe gleiches Bild 
am weissen Kentischen Papier P. Einige Fische, vielleicht die ersten, die das 
Bild bemerkten, schwimmen herbei und snappen nach der Wand. Nach 
einigen Versuchen schwimmen sie weg, nachdem sie das Futter als unerreichbar 
erkannt haben. Ihr Erinnerungsvermégen (dieser Unerreichbarkeit oder 
Nichtessbarkeit des Futters) ist ziemlich betrichlich und muss man dieses 
Experiment mindestens erst nach etwa zehn Minuten wiederholen. 

2) Es scheint, also ob die Fische die Farbe sehr deutlich sihen. Ent- 
fernt man aber die Lampe L, yor Spiegel, wiihrend L, konstant bleibt, wobei 
die Helligkeit des roten Bildes geringer wird, oogleich man immer noch seine 
Rote deutlich sehen kann, so erkennen die Fische sie doch schon nicht mehr 
und schwimmen ohne Beachtung des Bildes lings der Wand vorbei. 

3) Hierauf wird, wiihrend L, konstant bleibt, die Lampe L, niher an 
den Spiegel gebracht, dann tritt das rote Bild sehr deutlich an P anf, Klarer 


als im vorigen Fall, die Rote kann man ganz deutlich 2m weissen hellen 


crt 
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Grund des Papier erkennen. Dennoch schwimmen die Fische achtlos lings 
der Wand vorbei, wie bei 2. 

4) Liisst man nun die Lampe L, auf einer bestimmten Stelle, und 
nahert L, der Aquariumwand, so wird, das Aquarium photopisch (im Hellig- 
keitsverhaltnis zwischen Bild wnd Boden) wie bei 2, die Fische bemerken 
auch jetzt das Bild nicht. 

5) Zuletzt wird L, von der Aquariumwand entfernt, was zur Folge hat, 
dass, wie bei 3, das rote Licht uns sehr deutlich erscheint, doch gehen die 


Fische achtlos lings der Wand vorbei. 


3. ScHLUss. 

Wie gross immer die individuellen Unterschiede in ihrer Empfindlichkeit 
sein mégen, so konnten die Fische doch nicht die Futterfarbe yon gewisser 
Helligkeit bei einer gewissen Bodenhelligkeit erkennen. Besonders die Er- 
scheinung, dass sie die Farbe nicht sehen konnten, wenn dieselbe uns Harer 
und deutlicher sichtbar wurde, beweist wohl den Mangel ihrer Empfindlich- 
keit far den Farbenton. Ihre entsprechende Bewegung nach der Farbe, die 
uns auf den ersten Blick als Farbenerkennbarkeit erscheinen méchte, bezieht 
sich augenscheinlich nicht auf die Farbe, sondern nur auf die Helligkeit des 


Gegenstandes. Kurz, die Fische scheinen mir farbenblind zu sein. 


VI. Farbenwechsel bei Fischen. 
1. FARBENSTOFFE DER FISCHE. 

Es gibt zwei Arten von Farbstoffen, schwarze Melanophoren und gelbe 
Xanthophoren, von denen die ersteren minder zahlreich und grosser, die letzteren 
zahlreicher aber kleiner sind. Ich kann keinen blauen Farbstoff bemerken; selbst 
bei den etwas blaulich aussehenden Teilen der schwarzen Karpfens erscheinen 
die inneren Melanophoren nur in durchfallendem Licht etwas blau, aber sie 
sind nichts anderes. Ausserdem gibt das Guanin in der Epidermis durch 


Reflexion, Refraktion n. a. den Kérpern einen bliulichen Ton. 


1. FARBENWECHSEL DER SCHWARZEN GOLDFISCHE 
IM FARBENLICHTE. 


In der Doppelwanne (Fig. 23), deren Zwischenraum mit der Farbenlésung 
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(Safiranin-Rot und Gentians-Violett) gefillt wurde und die an stdlichen 
Fenstern aufgestellt wurde, zeigen wochenleng darin lebende Fische verschiedene 
Expansion ihrer Melanophoren, die unter dem Mikroskop an ihren Schuppen 
sichtbar ist. Bei den in violettem Licht iebenden Fischen (a) expandierten 


sie mehr als bei anderen, die im roten Licht (b) lebten (Taf. XLIV, Fig. 1.). 


3. FARBENWECHSEL UNTER DAUERNDER REIZUNG 


VON VERSCHIEDENEN LICHTERN. 


Das Aquarium (Textfig. 20) hat drei Fenster, eines an jeder Wand; alle 
anderen Teile sind mit schwarzer Pappe gedeckt. 
Am 2. Nov. 1915 werden die Fische ins Aquarium eingesetzt und in 
jedem folgenden Monat untersucht. So- 
| | 
i =| gleich nach dem MHerausnehmen aus 
den beiden (roten und violetten) Aquarien, 
werden sie in kochendes Wasser ge- 
taucht, dann wird der Farbenton des 
ganzen Kcrpers mit blossen Augen und 
Textflgur 20. der Chromatophorenzustand unter dem 
Mikroskop vergleichend untersucht. Am 
22. Jan. aus den beiden Aquarien genommene Fische (Taf. XLIV, Fig. 2) 
hatten voneinander abweichende Farbentone. Die im roten Lichte gewesenen 
(R) wurden rotlich-gelber, die im violetten Lichte (BD) bliulich-dunkel. 
Mikroskopisch konnte ich sehen, dass, die schwarzen Melanophoren am meisten 
variierten, mehr als die gelben, wie in der Figur dentlich skizziert (Taf. XLIV, Fig. 
3). Wie die Figur zeigt, vermehren die Melanophoren der im violetten Licht 
lebenden Fische (S_) sich entweder in Fliche oder in Menge, wihrend die der 
im roten lebenden (R,) sehr kontrahieren, sodass selbst in dieser Figur der 
Ton der vorigen mehr dunkel aussieht. Aber mit dem Okularmikroskop 
gemessen, kann ich bei den gelben Chromatophoren keinen deutlichen Unter- 
schied sehen, ob sie im roten Lichte in Fliche oder Menge zunehmen. In 
diesem Falle beruht daher der Farbenwechsel hauptsiichlich auf der primiren 
Melanophoreninderung, und die gelben Xanthophoren haben nur unterstutzende, 
sekundire Bedeutung, die Grundfarbe darzubieten. 


Am 5. Feb. gekochte Fische zeigten das gleiche Resultat, aber weitere 
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eingehende Beobachtung in quantitativer Hinsicht ergab die Verhaltnisse der 
Menge und Fliiche der Xanthophoren und Melanophoren auf den — beiden 
Schuppen. Die Flaiche der gelben Xanthophoren ist beinahe ein Kreis, ca. 
1,0—1,5y im Durchmesser, und beinahe gleich an den beiden Schuppen (nur 
die Farbenkonzentration verschieden). Dagegen war die Fliichenbestimmung 
der Melanophoren unméglich wegen ihrer expandierten Arme, und nicht sé 
notwendig wie die vorige, weil die Figur genau ihre Unterschiede klar macht. 


Ich konnte auch eine Unterscheidung in ihrer Menge finden, wie folgend: 


Durchschnittszahl der anf dorsalen Schuppan liegenden. 


Farbenton | Melanophoren | Xanthophoren 
der rotgelben Fische | 45 | 16.5 
| 9.5 


der bliulichen Fische | 91 


Durchnittszahl der auf allen Schuppen am’ Seitenorgan liegenden. 


| Melanophoren Xanthophoren 
der rotgelben Fische 36 15 
| 54 9 


der bliulichen Fische 


Wie diese Tabelle zeigt, vermehren sich auch die rotgelben Xanthophoren, 
aber es ist fast unméglich ihre Menge einzeln zu ziihlen, so wird nur die 
Zahl in ca. 5x3 auf den verschiedenen Fliichen berechnet und bestimmt. 
Also die Zahl in der Tabelle ist relativy, wihrend die der Melanophoren 
individuell gezihlt worden ist. In Erwigung der letzteren muss natiivlich 
die expandierte Fliche mit ihrer Zahlenzunahme in Betracht kommen. Ist 
die dauernde Belichtung mit violetter Farbe (dunkel) im Stande, die Melano- 
phorenzahl zu vermehren und die Xanthophorenzahl zu vermindern ? (BaBack 
und FriscH). Wie erwiihnt, werden die Fische im roten Licht gelbrot und 
im violetten bliiulich dunkel, wegen der Vermehrung oder Verminderung, der 
Expansion oder Kontraktion ihrer Melanophoren und Xanthophoren. Dieser 


Wechsel war eine Tatsache, aber es ist eine andere Frage, wie er entstanden ist. 


4. FARBENWECHSEL AUF FARBIGEM BOopDEN. 


1) Acht Gefiisse, jedes belegt mit einem farbigen Bodenpapier: Stark 
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und schwach Preussisch Blau (BS u. BD), stark und schwach Rot (RS u. 
RD), Weiss (W) und Schwarz (D,), zwei graduierte Grau D, und D,. Der 
Boden jedes Gefiisses ist beinahe von gleicher Grosse und auch jedes Papier, 
es ist also fast unnotig, um die Kleinheit des Gesichtswinkels besorgt zu sein, 
die vy. Frisch in den Huss’schen Untersuchungen als seinen Irrtum verursacht 
ya haben angefihrt wird. Dasselbe betrifft die Intensititsdifferenz, die wegen 
der Gréssendifferenz entstehen konnte. Alle Fische in jedem Gefiiss werden 
auf weisses Papier versetzt und verglichen. 

Die Fische, welche auf schwarzem Boden (D,) gehalten wurden, sind viel 
schwiirzer als die auf weissem (W), deren Melanophoren nicht so sehr expan- 
dieren wie die der vorigen (Taf. XLIV, Fig. 5,— Fu. K). Dann wird ihr Grund 
gewechselt, die schwarzen werden auf weisses und die weissen auf schwarzes 
Papier gebracht ; sobald ihre Vertauschung vollendet ist, beginnen die schwarzen 
Fische auf dem weissen Papier ihre Kérperfarbe zu erhellen, je in 30 Sekunden, 
lingstens in 2 Minuten vollendet sich ihr Farbenwechsel. Ganz dihnlich auch 
die weissen Fische auf schwarzem Boden. Nach einiger Zeit werden beide 
ganz iihnlich aussehen. Die zu diesem Wechsel erforderliche Zeit ist fir jeden 
Fisch mehr oder minder yeriinderlich, besonders die linger auf einem Boden 
gelebt haben, mussen linger 
auf dem anderen bleiben, 
um die Anpassungsfarbe zu 


gewinnen. In jedem Fall 


tritt der Wechsel zuerst an 


. Textfigur 21. Erklirung im Text. 


den dorsalen Seiten des Kor- 
pers (Fig. 21, K), dann am Kopfe auf, dagegen bleibt die mittlere dorso-anteriore 
Linie (L) lange unveriindert ; dies bleibt oft nach vielen Tagen noch bemerkbar. 

Zuniichst werden die K6rperfarben der auf jeden der verschiedenen Boden 
gelecten Fische beobachtet. Wie die eine Tabelle dayrstellt, gibt es drei Arten 
unter ihren Farbentonen: dunkel, rotlich gelb und bliulich dunkel, von denen 
die zweite Farbe so deutlich ist, dass sie niemand mit andern verwechseln 
kann, aber die letzte, die dunkelblaue, etwas zweifelhaft ist, weil wir keine 
anderen Farbstofie finden konnten, die blau aussehen ausser den Melanophoren. 
Vielleicht lassen die optischen Verhiltnise der Melanophoren und besonders 


das Guanin sie so blau aussehen. 
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Wird nun der rote mit dem blauen Boden gewechselt, so dunkeln die 
fruher rot aussehenden Fische, und die friher dunkeln gewinnen einen neuen roten 
Ton. Diese Anderung beginnt sogleich nach der Wechselung, und vollendet 
sich in 30-120 Sekunden, und je linger die Zeit, desto deutlicher wird die 


Erscheinung. Auf weissen Boden versetzt, bleiben sie in derselben Zeit gleich. 
Farbenton yerglichen bei jedem Fische auf den verschiedenen 
Farbenbdden. 


(a) 
VI. 3. p.m. 1,830.—VI. 4. a.m. 9,30. 


Boden 
farbe 


a] | > pial a 
Bose BS | BD RS RD W 
farbe 
BS ad 
; D. Blau. ~_ 
ae ~~ Dunk. ike 
sx D. Blau ~\_ 
RS Dunk. | ~ Dunk. Le << 
Gelb rot. _ | Gelb rot —~_| Gelb rot 


aa SS mee) | SeGelbirot: 
RD >) _ Dunk. a Dunk. Se 
— (Gelb) = 
Dunk. PK 
(Gelb) ~_|__ (Dunk) 


= ee Gelbr. ~~ Hell 
Cele aes || Ce he Seis, a ue 
— 
Dunk, Dunk. 3 | 
D (blau) ~~ (bla) ak Sens rot. 
2 > = ~ Mehr 


a Dunk. —~ & Ae 
TSS Beek in 
D; ; oe Meist > 
Dunk. ~~ | Dunk. —~_ ? De ee 
—~_(B) Gelb? 
Se 


ees e ae 


; So ‘Glas) 


Dunkel. ~_ 
_ 


“Hell Gelb. ee a 
Dunk. > . 
(blau je Dunkel. —~_| 
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Wie ist diese Farbeniinderung entstanden ? Sind die Fisch fiihig, den Farben- 
ton zu unterscheiden und sich ihm anzupassen ? Wenn dies der Fall ist, k6nnen 
sie nicht farbenblind sein; sonst wurden sie keinen Farbenton erkennen, 
sondern nur seine Lichtintensitit. Eigentumlicherweise hingt dieser Wechsel 
von dem verschiedenen Expansionszustand ihrer Melanophoren und Xanthophoren 
ab, besonders der vorigen, und nicht vom Auftreten eines neuen Farbstoffes, 
selbst nicht bei den blau erscheinenden Fischen. Sehen wir die Tabelle au 
voriger Seite durch, dann vermogen wir zu erkennen, dass der Farbenton der 
RD Fische dem der D, Fische beinahe ihnlich aussieht. Was daraus vermutet 
wird, ist ihre (RD u. D,) fast gleiche Reizungskraft far die Fische. Hat der 
Boden RD keine spezielle Farbenkraft und nur dem farblosen Grau D, 
entsprechende Reizungskraft ? Sind die Fische dann monochromatisch, farben- 
blind ? 

2) Farbenwechsel geblendeter Fische. Bei der Blendung werden die 
Fische dunkler, wie die auf den schwarzen Boden geleeten, und zwar bald, 
je wahrend der Operation. Es ist sehr wahrscheinlich, dass die Blendung 
etwa gleiche Wirkung, nicht operatorische, auf die Fische wie das Dunkel hat, 
weil sie, wie die Menschen, nach der Blendung dunkel fuhlen miissen. Diese 
geblendeten sind nicht mehr fihig sich der Umgebung anpassend zu verindern, 
und werden dann mehr und mehr schwarz. Aber die Blendung ist nicht 
einmal notwendig, es gentgt schon, die Augen der Fische, z. B. mit den 
Hiainden, zu bedecken, um das Dunklerwerden der Hautfarbe zu veranlassen. 
Natitrlich mo6gen bei diesem Fall die physiko-physiologischen wie psychischen 
Finflusse wahrend der Manipulation, zB. Temperatur, Tastsinn u. a., 
eine Frage sein, aber der Wechsel der empfundenen Lichtintensitit ist die 
hauptsichliche Ursache. 

3) Farbenwechsel der abgezogenen Schupp2n. Schwarzen, weissen, roten 
und blauen Fischen abgezogene dorsale Schuppen wurden im Wasser, 
in physiologischer Kochsalzlésung, Ringerscher Lisung und im Serum derselben 
Arten unmittelbar nach Abziehung unter dem Mikroskop beobachtet. Jn 
jedem Fall expandierten die Melanophoren zuniichst in 2-4 Min. amdbisch 
(postmortale Expansion), dann begannen sie zu kontrahieren, und wurden umso 
schneller hell, je stiirker die Belichtung war. Also sehen wir, dass die Abziechung 


wie jJene Blendung gleiches Ergebnis bringt, und dies mag ein Beispiel sein, 
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welches beweist, dass Expansion und Kontraktion der Melanophoren von der 
Lichtintensitiit abhiingen (Tonus). Taf. XLIV, Fig. 4. Melanophoren an 
Schuppen: E Expansion bald nach Abziehung und K Kontraktion nach der 
Belichtung. 

Die Expansion und Kontraktion der gelben Xanthophoren wird ebenfalls 
bemerkt, aber nicht so deutlich wie die der Melanophoren, ausserdem verhalten 
sie sich diesen letzteren entgegengesetzt, indem sie im starken Licht expandieren 
und im dunkeln kontrahieren. In dem Fall der Melanophoren, welche amében- 
artig sich bewegen, konnen wir selbst die schwarzen Melaninkérnchen in ihnen 
sich bewegen sehen, aber die Xanthophoren sehen nur Oltropfenartig zerstreut aus 
und ihre granulire Bewegung ist nicht wie bei vorigen sichtbar. Taf. XLIV, Fie. 
5. Gelbe Xanthophoren an Schuppen: E nach Belichten und K yor Belichten. 

Wie skizziert (Taf. XLIV, Fig. 4 u. 5) haben die expandierten Melanophoren 
(E) vielfach gréssere Fliche als die kontrahierten (K) und bedecken die unter 
ihnen (d. h. innen) gelegenen gelben Chromatophoren, welche aber bei jener 
Kontraktion wiederum hervortreten, so dass wegen dieses neuen Auftretens und 
auch infolee ihrer Expansion der ganze Farbentom gelblicher wird. (Taf. XLIV, 
Fig. 7). Ausserdem wird wegen der Flichenverminderung der schwarzen 
Melanophoren (wegen der Vermehrung der weissen Flaiche) das Aussehen 
heller (Taf. XLIV, Fig. 6). Daraus folgt also, dass die Farbeniinderung der 
Schuppen, folglich der Versuchstiere, yon der Expansion und Kontraktion der 
Melanophoren und Xanthophoren abhiingt, welche von der Lichtintensitiit 
beeinflusst werden. Taf. XLIV, Fig. 4. . Hin Melanophor bei Expansion und 
dasselbe bei Kontraktion. Fig. 6. u. 7. Anderung des Farbentons vor und 
nach dem Belichten. 

4) Farbenwechsel auf den Farbenfiltern, seine Intensitit beliebig kon- 
trollierbar. Wie schon gesagt, scheinen die [Karpfen und Goldfische ihre 
Korperfarbe dem farbigen Boden anpassend zu wechseln, aber die auf 
den dtinn roten und dimn grauen Boden gelegten Fische sehen untereinander 
beinahe gleich aus; darum fragte ich mich, ob vielleicht das Rot einen dem 
Grau entsprechenden und keinen eigenen Reizwert habe. Auch wurde die 
Farbe der Schuppe von der Lichtintensitiit verindert. Wird die Farbe also 
nur durch die Intensitit bestimmt? Sind die Fische mangelhaft in der Farben- 


empfindung? Andern sie sich nicht nach dem farbigen Boden, sondern der 
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Lichtintensitiit sich anpassend? Sind sie in Wahrheit farbenblind? Diese 
Aufgabe muss also noch weiter untersucht werden. 

Vorrichtung. In diesem Fall steht der Photokasten senkrecht, auf den 
eine Mattglasscheibe (G) mit zwei, ca. 0,5em hohen Fussen (F) gelegt wird. 
Die heiBe Luft entweicht durch den oberen 
Zwischenraum (Z) und die Seitenrinne (R). 
Auf die Matteglasplatte (G). wird das Glas 
gefiiss (T) gestellt, dessen innerster Boden 
eine kleinere Fliche als das Glas hat, um die 
Kleinheit des Gesichtswinkels zu vermeiden. 
Das innerste Gefiiss (Aquarium A) wird ins 
diussere (Lichtfilter LF) auf Glasfisse gestellt. 
Dann firbt das durch den Lichtfilter strahlende 
chromatische Licht den ganzen Boden des 


innersten Gefiisses (A), und die Intensitit kann 


beliebig mittels der beweglichen Lampe (L) 
und jenes Widerstandes (,, Dim-a-lite”’) kontrolliert werden. Die Temperatur 
des Fischwassers im Aquarium konstant zu halten, wird die iiusserste Wanne 
benutzt, in die Wasser mit konstanter Temperatur geleitet wird. Als Filter 
wird Saffrano-Karmin- und Methylenblauwasserlosung gebraucht. 

Beobachtung. Von Fischen, die auf weissem Boden gehalten worden 
waren, werden zwei ganz gleiche Fische ausgewahlt, und einer ins rote, 
der andere ins blaue Aquarium gesetzt. Wie auf dem Papierboden, 
beginnen sie bald ihre Farbe zu éindern, und werden in ca. 5 Min. deutlich, 
die auf dem roten gelb, die auf dem blauen dunkel. Dann erniedrigt man die 
Tntensitiit des Rot und verstirkt die des Blau so sehr, dass die stiirkere 
Tatensitiit des Blau ganz deutlich erscheint. Zu unserem Erstaunen werden 
die auf dem roten Boden schwimmenden Fische dunkel, die noch vor mehreren 
Minuten hellgelb waren, und die auf dem blauen werden nun _hellgelb, 
wiihrend sie vorher dunkel waren. Obeleich dann die Intensitit niedriger ist, 
so sieht dieses Rot noch ganz rot fir unser Auge aus. Wenn auch die 
Intensitiit des Rotes vermehrt wird, so sehen die Fische dunkler als die auf 
dem )blauen Boden schwimmenden aus, solange die Intensitiit des Blaues 


stiirker ist, trotzdem das Rot ziemlich hell erscheint: Der Farbenwechsel 
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dieser Fische ist also beliebig von der Lichtintensitit kontrollierbar, und hingt 
nicht von der Lichtfarbe ab, also sind demnach die Fische vielleicht, von 
diesem Standpunkte aus, farbenblind-ahnlich. 


VII. Zusammenfassung. 

1. Die Goldfische und die Karpfen zeigen positiven Phototopismus, aber 
altere nicht so deutlich wie junge. 

2. Lichtreiz kontrahiert die schwarzen Melanophoren und expandiert die 
gelben Xanthophoren, welche auf den Fischkérpern sich befinden. 

3. Ihre Diskrimination zwischen den verschiedenen Farbenlichtern hinet 
nur yon der Lichtintensitit, nicht von dem Farbenton ab, und das BavrEr’sche 
,, Rotscheu”” Phinomen tritt bei diesen Fischen nicht auf. 

4. In Vergleichung konnen sie das Rot von einem Grau nicht unter- 
scheiden, wenn auch ich das Rot farbig zu erkennen vermochte. 

5. Ihr Anpassungfarbenwechsel an den Boden beruht auf der Lichtin- 
tensitat, nicht auf dem Farbenton. 

6. Daher schliesse ich yorliufig auf einen Mangel der Farbenempfindung 


bei diesen Fischen. 


Anhang. 
Fabenwechsel der Krustazeen Dekapoden (Etyephera sp.) 


1. ETYEPHERA sp. 


Viele von diesen leben im Teiche zu Komaba, wo die Wassertiefe nur 
15-25 cm ist. Ihre Grosse ist meistens 1,5-3,5cem. Nachdem sie gefangen 
worden sind, werden sie fiir 1-2 Tage im GlaseefiiB ruhig gelassen, damit 
sie sich an die neuen Bedingungen gewohnen, und dann erst zu diesem 


Versuche gebraucht. 


2. FARBSTOFF UND FARBENTON. 

Was man unter dem Mikroskop sehen kann, ist nur der Farbstoff, der 
ganze Farbenton dagegen kann nur mit blossen Angen beobachtet werden. 
Unter diesen Farbstoffen findet man drei Hauptarten: Blau, Gelb und 
Braun (Fig. 8) ; ausserdem selten Zinnoberrot (Taf. XLIV, Fig. 8, z) und Grin 
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(Taf. XLIV, Fig. 8, a u. b), des aber im durchfallenden Licht weiss aussieht 
(ibid. ec). Unter ihnen gibt es auch verschiedene Farbenténe der Farbe der 
ganzen Korper: blau, grin, gelb, braun und farblos. Die Unterscheidung 
dieser Farbentone hiiugt nicht yon der Art der Farbstoffe ab, sondern von 
ihren quantitativen Beziehungen untereinander, da jedes Tier mehr oder 
minder alle Farbstoffe hat, nur die farblosen haben beinahe keine Farbstofte. 
In blauen Tieren kontrahiert der Braunstoff, auch hat er etwas abgenommen ; 
anderseits expandiert der Blaustoff sehr stark. Dieses relative Verhaltnis lisst 
die Tiere blau aussehen. Gleicherweise lassen die Expansion des Braunstoffes 
und die Kontraktion des Blaustoffes die Tiere braun erscheinen. Mit der 
Verstiirkung des Braunerades werden die Tiere zuletzt brenzbraun. Auf der 
mittleren .Stufe zwischen blauen und brammen Tieren stehen die anderer 
Gruppen: Grintiere und Gelbtiere. In diesen befinden sich beide, Blan- und 
Gelbstoffe, doch dominiert nativlich der letztere Stoffim Gelbtier und hat das 
andere, das Grintier, beide Farbstoffe in fast gleicher Menge. Die weissen, 
farblosen Tiere haben beinahe keinen Farbstoff, wie oben erwahnt. Nur 
unter der Lupe kann man ganz wenigen dtnnen Farbstoff an den Karapasen 
sehen (Pl. XLIV, Fig. 8, d), wo die Farbe in den Korpern immer am 
deutlichsten ist. Fig. 8, Farbstoffe an der Karapase: BL die der Blautiere, 

W die der Weisstiere und Br die der 


Brauntiere. 


3. FARBENLICHTVORRICHTUNG 
(DoPpPrELWANNE). 


Die kleine, imere Wanne (B) wird 
in der grossen, dusseren (A) von funf 
Korken (IX) festgehalten. Die Farben- 
losung findet sich im Zwischenraum 
welcher oben mit Pappe und Paraffin 
moglichst luftdicht geschlossen wird, um 
die Verdunstung der Lésung und ihren 


Dampf zu hindern (PP). Die schwarze 


Pappe (SP), welche den oberen Teil 


Textfigur 23. Erklirt im Text. der Wanne deckt, schliesst anderes 
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Farbenlicht aus, das sonst in die innere Wanne einfallen kann. Diese 
Doppelwanne wird nun auf weisses Papier (WP) und Glasschale (Sch) gelegt. 
Eine Glasflasche (C), in der die Tiere sich befinden, wird in die innere Wanne 
eingesetzt, so dass farbiges Licht auf sie fallen soll. Ich stelle diese Wanne 
an einem siidlichen Fenster mit Mattglasscheiben auf, von denen zwei im 
direkten, hellem Licht und andere zwei, mit dickem zylindrischen Papier 
umgeben, im indirekten, dunkeln Licht standen, um die Lichtintensitét unter 

gleichen Verhiiltnissen einfach 
wa pitt zu :kontrollieren, wie in Text- 
figur 24. Daher hatte ich vier 
Wannen: hellblaue und _ hell- 
rote, dunkelblaue und dunkel- 
rote. Andere zwei Gruppen 
von Kontrolltieren, von denen 


eine in einem hellen und die 


5 2D . andere in einem mit schwarzer 
oe kt. 


fo a0 Pappe umgebenen, ganz 


dunkeln Gefiiss gehalten wird, 
stelle ich auch mit den anderen farbigen Wannen in derselben Linie am gleichen 
Fenster auf. Diese vor dem Experiment in ihren Farbenténen ganz gleich 
aussehenden Tiere werden tiiglich, alle 24 Stunden einmal, in ihren Gefiissen 


auf weissem Papier bei auffallendem Licht beobachtet. 


4. FARBENLICHT UND FARBENWECHSEL. 


Die Tiere in der Glaswanne auf weissem Papier werden allmahlich 
farbenlos und durchsichtig wie das Wasser und das Glas, und ihre sehr kontra- 
hierten Farbstoffe sind nur noch spiirlich vorhanden. Diese beinahe farbenlosen 
Tiere dndern in jedem (Blau oder Rot) Licht ihren Farbenton allmahlich vom 
Blau zum Braun und in 1-2 Wochen erreichen sie das Maximum, Brenzbraun, 
das entweder die geblendeten oder in Finsternis kurz und in Dimmerung lang 
gelebt habenden Tiere ausnahmlos aufweisen. Thre Braun-Anderung wird 
vielleicht von der Lichtintensitét hervorgerufen, sonst mussten sie ihre speziellen, 
an jede Umgebung angepassten Farbenténe immer besitzen. Je dunkler ‘ihre 


Wohnung war, desto schneller éindern sie die Farbe zu braun. 
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5. DEKAPITATION DER AUGEN UND FARBENWECHSEL. 


Wie oben erwihnt, werden die Tiere, denen beide Augen dekapitiert 
wurden, ausnahmlos braun und brenzbraun. Dieses Phinomen beginnt prompt 
unmittelbar nach der Operation und wird meistens in 30-60 Minuten vollendet. 
Diese Anderung beruht hauptsiichlich auf der Expansion der braunen 
Chromatophoren, wihrend die Kontraktion der blauen nicht so deutlich ist, 
und lasst diese relative Vermehrung der braunen Fliche sie braun aussehen. 
Auch kann diese Braun-Anderung der geblendeten Tiere in jedem Licht ohne 
den mindesten Unterschied stattfinden. Es war auch interessant zu sehen, 
dass einige geblendete, in Blau-Licht gehaltene braune Tiere in weissem Licht 
dunn blau wurden, aber am folgenden Tage wurden sie wieder diinn braun. 
als ob sie schon unkontrollierbar oder achtlos der Wohnung geworden wiiren, 
Tiere, denen nur eines, das rechte oder linke, Ange exstirpiert wurde, zeigen 
aber keine Braun-Anderung und auch keine  seitliche Farbenunterscheidung 
im Korper, also die Lichtempfindung durch ein Auge erscheint ganz geniigend 
zu sein, die Anpassung der beiden Korperseiten an die diussere Welt hervorzurufen. 
Aber eine weitere, strenge Beobachtung ergibt, dass diese auf einem Auge 
geblendeten Tiere etwas brauner als die zweidugigen Kontrolltiere gefiirbt 
werden. Die Farbeniinderung dieser Tiere zeigt auch, dass sie wenigstens von 
der durch ihre Augen empfundenen Lichtintentitit beeinflusst werden. Waire 
das nicht der Fall, so miissten sie, die geblendeten, ihre Korperfarbe dndern, 
sich der Umgebung aupassend wie die normalen. Ein abgeschnittener Teil 


des Korpers fiirbt sich auch braun (z. B. Abdomen und Telson). 


6. LicHTretz. 


Ein mit der Lichtwirkung verbundener Faktor, der bei diesen Experimenteu 
nicht unberticksichtigt gelassen werden darf, ist die Wiirmewirkung des Lichtes, 
welche z. B. die Krustaceen-Chromatophoren leicht dndern kann, so dass 
blaue Cyanokrustaceen ihre Farbe in rotes Krustacearubin jindern, und sind 
die Tiere sehr empfindlich fiir diese Hitzewirkung. Daher miissen beide 
Wirkungen von einander getrennt werden. 

Kine die Tiere enthaltende Glaswanne (W) im Glasbodenaquarium (A) 


lem tiber den Glasboden (G) gestiitzt und das neue Wasser unaufhorlich 
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durch den Finlass (E), das erwarmte durch den Auslass (Li) geleitet; eine 
schwarze Pappe bedeckt das Aquarium oben. Das Ganze wird auf einen 
Photokasten (K) gestellt, in 

SP dem eine Lampe (LP) auf 
einem weissen Papier WP 
sich befindet. So erreicht das 

t Licht, vom fliessenden Wasser 
abgekuhlt, durch den Glas- 


boden die Tiere ventral. Die 


[ 


Kontrolltiere in der anderen 
Wanne werden wiihrend des 
Experiments neben dem Aqua- 
rium gehalten, ohne dass die 
Wirkung des Lampenlichtes 


auf sie gelangt, und bestindig 


| 
Z 
Z 


SS 


A 


SS 
S 


Textfigur 25. Erklir. im Text. laisst man das gleiche Wasser 

um die Wanne so fliessen, 

dass die Temperatur in beiden Wannen gleich ist. Diese Wanne wird auf 
einem Mattglas mit Kammer-Licht belichtet. 

Za meiner Verwunderung wurden die Tiere in 50 Kerzen- (weisse und 

blaue etwas weniger Kerzenstirke) Licht eher etwas brauner, doch diese 

Anderung war nicht so deutlich und in einem Fall unmerkbar. Durchschnitt- 


5 Stunden. Im 100 Kerzen- 


liche Wassertemperatur 13°C, Belichtungszeit 
Licht sehen die belichteten und die Kontrolltiere ganz gleich aus. Wirkt das 
direkte Kammerlicht stirker als dieses 50 K. Licht bei Belichtung fir 5 
Stunden? Vermag also dieses 100 K. Licht 
beinahe gleiche Wirkungskraft zu haben ? 
Und das weisse Solarlicht wirkt ganz gleich 
wie die Tungstenlampe, die etwas gelbes 
Licht gibt. Die direkte Strahlung der 
Mittagssonne im Juni hat eine Lichtwirkune 


yon 100 K. Tungstenlampe. Blau- und 


Rotboden machen bei dieser Strahlung die 


Textfigur 26. Tiere auch gleicherweise braun. Eine andere 
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Tatsache wurde auch beobachtet, dass nimlich bisher in altem Leitungswasser 
gehaltene etwa 15 Braun-Tiere im direkten oder indirekten Solarlicht in 1-2 
Minuten ganz blau und dann allmihlich farbenlos wurden. Die Kontraktion 
und Expansion werden wie im anderen Fall sehr deutlich unter dem Mikroskop 


beobachtet. 


7. ScHLUss. 


1. Drei Arten von Farbstoffen, Blau, Gelb und Braun, befinden sich in 
den K6rpern der Tiere (Etyephera sp.) und die relative Menge dieser Farbstoffe 
spielt eine grosse Rolle in der Anderung ihrer Farbenténe. 

2. Die Tiere werden im Kammer- und direkten Solarlicht zuletzt 
farbenlos und durchsichtig wie das Wasser oder das Glas. 

3. Sie werden braun, in Finsternis vergleichsweise schnell, in Dimmer- 
licht ziemlich langsamer und in jedem (Blau oder Rot) farbigen Licht allméhlich 
(Tonus bei der normalen Beleuchtung). 

4. Dasselbe ist der Fall bei geblendeten Tieren und abgeschnittenen 
Teilen des Korpers; jedoch auf nur einem Auge geblendete Tiere zeigen die 
Erscheinung nicht so deutlich. 

5. Diese Farbeniinderung scheint letzten Endes nur von der Lichtmenge, 
der Intensitiit, abzuhangen; das Dunkel expandiert den Braunstoff (Krusta- 
ceorubin), kontrahiert den Blaustoff (Cyanokrustaceen), wiihrend Helligkeit 


ganz entgegengesetzte Wirkung ausubt. 


An dieser Stelle inédchte ich meinem hochverehrten Lehren, Herrn Prof. 
©. Isurkawa, meinen herzlichsten Dank aussprechen fir das rege Interesse, 


welches er stets meiner Arbeit entgegengebracht hat. 
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Dorie, F. Lebensgewohnheiten bei Dekapoden Krebsen. 


TAFELERKLA RUNG. 
TAFEL XLIV. 


Fig. 1. Der Unterschied der Melanophorenexpansion der im violetten Licht lebenden (a, c) 
von der im roten Licht lebenden Tiere (b, @). 

Fig. 2. Der Unterschied des Kiérpertons, RG danernd im roten Licht gelebten, wiihrend BD 
im violetten. 

Fig. 3. Der Chromatophorenzustand an der kaudalen Flosse des Fisches in Fig, 2. S, des 
BD, R, des RG Fisches unter schwacher Vergrisserung beobachtet; S, des BD, R, des RG 
Fisches noch stark vergrissert. FI bedeutet Flossenmembran, FR-Flossenstrahl. 

Vig. 4. E, ein Melanophor bei Expansion; K, derselbe bei Kontraktion nach Beleuchtung. 

Vig. 5. K und Esind dieselbe Xanthophorengruppe an Schuppe; vordere bei ihrer Kontrak- 
tion, letztere bei ihrer Expansion nach Beleuchtung. 

Fig. 6. E und K sind das expandierte und kontrahierte Bild desselben Schuppenteils. 


Wir sehen hier zwei Arten der Melanophoren, die eine aussen gelagerte, sehr fein dikotomisch 


DER FARBENSINN BEI FISOHEN. 441 


geasterte, die andere innere, nicht so sehr geasterte Melanophoren, und sind diese grauer als 
jene. 

Fig. 7. E£ und K. Beide Bilder desselben Schuppenteils ; eines bei Expansion, das andere bei 
Kontraktion. Diese kontrahierten Melanophoren lassen die bisher bedeckten Xanthophoren 
auftreten, folglich wird das ganze Bild heller und mehr gelblich als £. 

Diese vier (4—7) Figuren zeigen uns, wie der relative Farbenton und die Helligkeit der Schuppen- 
fliiche bei der Expansion und Kontraktion der Chromatophoren veriindert werden kann. 

Fig. 8. Chromatophoren yon Etyephera sp. Bl die der Blautiere, W die der farbenlosen Tiere 
und Br die der Brauntiere, jede an Kalapasen. JI, II u. III sind derselbe Kérperteil, jedes Bild 
unterscheidet sich nur im Expansions- oder Kontraktionszustand der verschiedenen Chromatophoren. 
au. a’, Bu. B/ sind dieselben. Bei I erscheinen die “iere braun, bei IT fast farbenlos (etwas 
gelblich oder griinlich) und bei III bliiulich. An @ und } sehen wir griinliche Farbstoffe, welche 
im durchfallenden Licht weiss (c) aussehen. d sind die Farbenzellen bei farblosen Tieren. z 


seltsam auftretende Zinnoberfarbenzelle. 


‘i vow ‘ 


ee 
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Tafel. XLV. GY 


Einige Bemerkungen tiber den Farbenwechsel 
bei Karpfen durch physikalische Einfitisse. 


Von 


Ytinosuké Ohashi. 


Aus dem Jnstitut fiir Meeres-Zoologie. 


Direktor: Prof. Dr. Cutyomatsu IsurKawa. 


Mit Tafel XLV und 7 Textficuren. 


I. Wirkung der Temperatur auf die Farbe 
von lebenden Karpfen. 


1. VERSUCHSANORDNUNG. 


Es ist klar, dass die grdssere oder geringere Menge eines im Wasser 
gelosten Gases die Temperatur dieses Wassers beeinflussen muss. Wenn man 
daher offene Gefiisse braucht und in diesen die Temperatur erhoht wird, so 
muss der yeriinderte Gaszustand die Genauigkeit der Untersuchung beein- 
trachtigen (siehe IV). Wir bedurfen also eines geschlossenen Systems, um das 
Entweichen des Gases zu yverhindern. Anderseits aber tritt im geschlossenen 
System wieder das Problem der Druckéinderung infolge der Temperaturverainderung 
auf, das freilich vorliufie nicht berucksichtist werden kann. Die untersuchten 
Karpfen sind sogenannte 3 jiibrige, 6-7 em lange schwarze ,, Magoi.“ 

Das geschlossene System. Die Leitungsrohren sind, wie in Textfig. 1 dar- 
gestellt, eingerichtet. An den Enden jedes Rohres befindet sich ein Glasgefiiss, 
in dem die Fische gehalten werden. I und IV dienen als Kontrolle, If und LUT 
sind fur den Versuch bestimmt. Wenn nun H,, H,, H., H, geschlossen und 
H;, H;* gedffnet sind, fliesst das normale Wasser durch die Glasgefiisse G, 
und G, in die vier Rohren, dann kann man die Wassertemperatur an t, und 


t, ablesen. 
* H heisst Hoffmann’s Hahn. 


(Jour. Coll. Agric., Vol. VI, No. 5, 1921.] 
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a Tank Was. 


[Eis u. Salz] 
(Im Text erklirt) 
[A] 


Textfig. 1. Erklirung im Text. 


Wasser von hoherer als normaler Temperatur fliesst immer durch den 
gedfineten Hahn H, ab, sonst nimmt die Wassertemperatur bald zu, d.h. das 
Wasser wird zu warm zum Versuche und man kann kein Wasser mit konstanter 
Temperatur beliebig lange Zeit in die Fischrohren senden. Wenn man hierauf 
wiirmeren Wassers bedarf, schliesst man die Hihne H,, H; und H,, offmet H, 
und H,, dann kann es in IT und IIT geleitet werden. Die Temperatur des 
Wassers zeigt das Thermometer t;. Fig. 1 [B] ist ein Wasserbad, in dem ein 
spirales Rohr (sp) und Regulierungsgefiiss (R) sich befinden, in dem ersten 
wird das Wasser erwirmt und in dem zweiten das erwirmte Wasser reguliert, 
so dass eine Temperaturschwankung nicht, wenigstens nicht plotzlich auftreten 
kann. t, ist das Thermometer. 

Kaltes Wasser muss immer durch H, abfliessen, sonst gefriert das Wasser 
im spiralen Glasohr nach einigen Minuten und letzteres zerspringt. Schliessung 
von H., H; und H;, Offnung yon H, und H, gestatten das HinstrOmen des 
kalten Wassers in II und III. t, zeigt die Temperatur des Wassers an. In 
dem Abkihlungsapparat (Textfig. 1 [A]) befindet sich das Kuhlmittel: Eis und 
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Salz (im Gewichtsverhiltnis ca. 2:1). Das Wasser aus dem Tank wird erst 
in eine ERLENMEYERSche Flasche geleitet, woes die erste Abkuhlung erfihrt, 
dann wird es durch das Spiralrohr noch mehr abgekwhlt, geht in das Ther- 
mometerrohr (N), in dem die Temperatur gemessen wird, und zuletzt nach II 
und IIT. 

Diese vier Fischrohren stehen auf weissem Papier und die dem Boden sich 
anpassenden Karpfen werden sehr licht und hell, d.h. ihre Melanophoren 
kontrahieren. Zunadichst werden vier dbhnlich gefiirbte Karpfen ausgewiahlt, 
welche alle, auf weissem Boden im Aquarium gefiittert, sehr hell geworden 
sind. Insbesondere jedes Paar I wud IT, TIT und IV muss sorgsam nicht nur 
auf ihre Schattierung, sondern auch auf ihren Farbenton verglichen und 


ausgewahlt werden, sonst ist es schwer ihre Anderung zu beobachten. 


2. 'TEMPERATUR-STEIGERUNG. 


a) Plotzliche Erwiirmung. Wenn die Hihne so gedffnet werden, dass 
warmes Wasser in die Gefiisse II und LIT geleitet wird, werden die vorher 
auf Farbenwechsel kultivierten* Karpfen in etwa 1 Minute (besonders in 
der letzten halben Minute) deutlich dunkel. Ich elaube, dass das Dunkelwerden 
sobald nach dem Erwarmen auftritt, aber das in der Leitungsbahn noch 
bleibende normale Wasser erniedriet in der ersten halben Minute die Warme, 
und so zeigt sich die Dunkelung deutlicher erst in der zweiten halben Minute, 
wie unter der Lupe sehr klar beobachtet wird. Bei diesen plotzlichen Tem- 
peraturinderungen von 6.5°—21°, 6.5°—25°, 7°—20°, 7°—21°, 7°—23°, 7°— 25°, 
9°—15°, 9°—20°, 9°—23°, 9°—25°, 10°—15°, 10°—20° und 10°—25° wird das 


Dunkelwerden der lebenden Karpfen ganz ahnlich beobachtet, grossere Tem- 


peraturerhohung, z. B bis zu 30°, giebt keine verschiedenen Resultate. Eben 
so leicht, in etwa 1 Minute, kann man auch die fruhere Farbe wieder 
herstellen, wenn wieder normales Wasser hineingeleitet wird, und dieses 
Phanomen lasst sich mit gleichem Resultat beliebig wiederholen. 
b) Allmihliche Erwirmung. Aber solche plotzliche Temperaturerhéhung 
tritt in der Natur kaum jemals auf, nattirliche Temperaturiinderungen finden 
* Kultiviert heisst, die Fische wurden vor dem Versuche vielmal auf weissen und schwarzen 


Boden wechselnd gelegt, sodass ihr Farbenwechsel dann leicht auftrat; andere Karpfen zeigen 
die Veriinderung natiirlich langsamer. 
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Textfig. 2. Kurve I (ein Beispiel) Temperaturverinderung des Wassers bei allmiih- 
lichen Erwiirmungsyersuchen inbezug auf die an der Kérperfarbe des Karpfens. @ zeigt 
die Zeit und Temperatur an, wo die Dunkelung sehr deutlich wurde. 


in der Regel viel langsamer statt. So ist also der oben beschriebene Farben- 
wechsel bei Karpfen nur als ein abnormes Phinomen anzusehen, und es 
entsteht die Frage, ob wir dieses Dunkelwerden, wie y. Frisch sagte, auch bei 
allmiihlicher TemperaturerhOhung beobachten kénnen. Die ‘Temperatur wurde 
also allmiihlich, wie in Kurve 1 (Textfigur 2), gesteigert, eine vielleicht in der 
Natur mogliche Anderung, trotzdem geht die Dunkelung je in keiner langen 
Zeit vor; die allmiihliche Ansbreitung der Melanophoren (hauptsichliche Ursache 


des Farbeniinderung) kann man leicht unter einer niederen Lupe beobachten. 
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Die Marke © in der Kuve zeigt die Zeit und Temperatur an, wo die 
Dunkelung sehr deutlich wurde. 

Ob noch Jangsamer zunehmende Temperatur einen Effekt hat oder nicht, 
wurde noch nicht beobachtet, aber man kann wohl vermuten, dass das Phinomen 


auch hier nach einer gewissen Zeit auftritt. 


3. 'TEMPERATUR-ERNIEDRIGUNG. 


Zu meiner Verwunderune wurde auch hierbei ein Dunkelwerden der 
Korperfarbe beobachtet, und vielmalige Wiederholung das Versuchs liess 
keinen Zweifel an der Wirklichkeit des Phinomens. Erniedrigung von 10°—5°, 
10°—4,5°, 9°—5° und 9°—4,5° wirken ganz dbnlich, auch hier werden die auf 
Farbenwechsel kultivierten Karpfen in 1 Minute ganz dunkel, besonders in der 
letzten halben, wie be? Erwiirmung. Allméhliche Anderung wurde noch nicht 


untersucht, aber man kann wohl auch dann die gleiche Eascheinung yvermuten, 


4, ANPASSUNG DER KARPFEN IM WARMEN WASSER. 


Aus dem oben beschriebenen Farbenwechsel kann man zunichst annehmen. 
dass, wenn die Karpfen immer im warmen Wasser leben, sie sich erstens 
der Warme anpassen (MAYERHOFER’sche Hechte), und zweitens wie im normalen 
Wasser hell oder dunkel sich dem weissen oder schwarzen Boden anpassen. 
So wurden die Gefiisse I und II anf weissen, IIT und LV auf schwarzen Boden 
geleet, normales Wasser in I und IV, warmes in IT und III geleitet, dann 
wurden IIT mit J, IIT mit IV verglichen. Aber im warmen Wasser konnen 
sie sich dem weissen Boden im Laufe yon mindestens 1 Stunde nicht anpassen, 
wahrend die Einfthrung normalen Wassers die Anpassung plotzlich, in 1 
Minute, heryorbringt. Die bisher 30 Minuten im warmern Wasser auf 
schwarzem Boden gelagerten Fische werden nun auf weissen ubergesetzt, aber 
auch diese konnen in 1 Stunde sich nicht anpassen, wiihrend die in normalem 
Wasser auf schwarzen Boden ITV in 1 Minute denen in I, die yom Beginn 
immer im normalen Wasser auf weissen Grund gelegen haben, ganz ahnlich 
aussehen werden. Also sehen wir, dass eine Stunde ftir Karpfen nicht genug 
ist, die Wirkung der Temperaturiinderung null zu machen, nimlich sie der 


Warme und dem weissen Boden gang anzupassen. 
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II. Temperaturwirkung auf die Schuppen-Melanophoren. 


1. ANORDNUNG. 


Mikroskop Hsien 
cis 

a. kaltes 
Wasser 


Normales 
Wasser 


Seo) 


LLIN 


Textfig. 3. Erklirung im Text. 


Abfluss 


Wie Fig. 3, wird das beliebig erwirmte Wasser durch E in die dussere 
Schale S, geleitet, dann fliesst es durch die Rohre A aus, also die Temperatur 


der Flussigkeit in Schale S, wirdammer beliebig kontrolliert. Die Temperatur 


is 30 45 TE i5 30 40 i 


Textfig. 4. Kurve II (ein Beispiel). Kurve der bzw. allmihlichen Temperatur- 
steigerung der Fliissigkeit, in der abgezogene Schuppen d. h. zu _ beobachtende 
Melanophoren, sich befinden. 
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kann man am Thermometer lesen. Abgelegte Schuppen beobachtet man in 
physiologischer Kochsalzlésung, Ringer’scher Losung oder Serum derselben Tiere 
unter dem Mikroskop. 


2. TEMPERATURSTEIGERUNG. 


Die Melanophoren beginnen bald nach dem Abschuppen sich allmahlich 
auszubreiten, was etwa 30 Minuten dauert, wiihrend das Tankwasser (9°— 
10°C) immer in §, fliesst. Wird dann warmes, vorher zu lebenden Karpfen 
geleitetes Wasser (20°—25°C) in S, eingelassen, so beginnen die Melanophoren 
sich zu kontrahieren, aber ich konute keine vollstindige Kontraktion beobachten 
(sie bleiben im mittleren Zustand), als ob die plotzliche Temperaturdinderung 
ihre Reaktionsfahigkeit herabgesetzt oder narkotisiert habe. Immerhin kann 
man im ersten Angenblick ihre Kontraktion bei hoherer Temperatur leicht 
beobachten. 

Wird hierauf, wie z. B. in Kurve II (Textfig. 4) gezeigt, die Temperatur 
verhiltnismissig allmahlich erhoht, so erscheint nun die Melanophorenkontrak- 
tion glitter und allmiihlich wie in Taf. XLV, A, lu. 2; B, 6 u. 7, zuletzt ganz 
yollstiindig (ibid. A, 3), was man vorher nicht beobachten konnte. Nach der 
vollstiindigen Kontraktion wird die Temperatur wieder erniedrigt, dann breiten 
sich die Melanophoren nach und nach wieder aus, und kehren zuletzt zu ihrem 
vorigen Zustand zurtick (Taf. XLY, A, 4u. 5; B, 3). Aber diese, ausgebreiteten 
konnen nicht wieder ganz kontrahiert werden, wie oben schon erwahnt, wenn 
auch die Temperatur, in der sie bisher vollstindig kontrahierten, plotzlich wieder 
hergestellt wird. Nur einmal, als die Temperatur noch langsamer erhoht 
wurde, kontrahierten die Melanophoren nicht nur in der niederen, sondern auch 
in der héheren Temperatur. Entweder war diese Temperaturanderung zu mild, 
um ihre Kontraktion zu erregen, oder sie hatten unterdes ihre Reaktionsfihigkeit 


verloren, gleichsam, als ob sie narkotisiert worden waren. 


III. Wirkung von Gasen auf die Farbe lebender Karpfen. 
A. WIRKUNG VON SAUERSTOFF. 


1) Versuchsanordnung. Das Wasser, einmal in den Tank geleitet, fliesst 


aus diesem wieder in den Gasktthler GK ein, und gelangt durch das Rohr R, 


452 Y. OHASHI: 


stiindigem (mindestens 5-6) EinstrOmen gemacht werden sollte. Doch ist die 
Wirking nicht so deutlich wie in den vorigen Fallen, obgleich die Fische 
sich tatsichlich auch in 1-2 Minuten etwas dunkel veriinderten, aber nach 
Einfliessung armer oder reicher Gaslésung passen sie sich dem weissen Boden 
je in der dritten Minute an oder bleiben einige schwarz (unangepasst) bis zu 
1,5 Stunde. 

Diese Unklarheit der Verinderung beruht nicht nur auf der geldsten 
Gasmenge, sondern auch und hauptsiichlich auf dem Charakter dieses Gases 
(Wasserstoff ist wirkunglos auf den Lebenden). Man kann vermuten, dass 
das Gas zuniichst auf den Kreislauf der lebenden Fische wirkt, und dann 
direkt oder indirekt den Farbenwechsel hervorbringt. Also ist als wahr- 


schainlich zu vermuten, dass die bei der Atmung die wichtigste Rolle spielenden 
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Textfig. 6. Erklirung im Text. 
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Gase O, und CO, die Farbeninderung am deutlichsten auftreten lassen. 
Vielleicht beruht die dabei auftretende leichte Verdnderung auf dem Sauer- 
stoffmangel, der durch das Einblasen des Wasserstoffs hervorgerufen wird. 


IV. Gaswirkung auf die lebenden Melanophoren 
der Schuppen. 
1. VERSUCHSMETHODE. 
Fig. 6. Von den zwei Schalen auf dem Objekttriger dient die dussere 
S,, in der immer konstant temperiertes Wasser fliesst, die innere S, immer auf 


konstanter Temperatur zu halten ; 


aS) das Thermometer T, zeigt ihre 
A Al Eakler Wassertemperatur. Die Schale 
F | S, hat eine Korkdecke mit einem 
Thermometer T; und vier Glas- 
rohren, von denen in die mittlere, 
grosste die Objektlinse eingetrieben 
wird, so dass man sehr yergror 
Z sserte Pigmente sehen kann ; dei 

~\] Kihler Wassertropfen in Rohre 3 erweist, 
a wie viel Gasmenge in §, ein- und 
aa) ausgeht. Das Thermometer T, 
zeigt die Temperatur der inneren 

Schale. Dem im Generator ent- 

ees wickelten Gas, das zuerst durch 
Textfig. 7. Exklirung im Text. Eee Soe ORs Xi) NOD Sn 
spuren und andern frei geworden 
ist, wird durch das Glasrohr im Kuhler die Entwickelungswirme genommen, 
dann wird es durch das Rohr 1 (Fig. 6) eingesandt und durch 2 ausgehen 
gelassen. Die Schuppen befinden sich auf dem Boden der Schale S,, lebend 


in der physiologischen Kochsalzlésung. 
2. RESULTAT. 
(Wirkung von Sauerstoff, Kohlensiiure und Wasserstoff) 


Auch hier zeigen alle drei Gase dieselbe Wirkung; die expandierten 
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(postmortale und auch auf der NaCl-Wirkung beruhende Verinderung) Melano- 
phoren der Schuppen beginnen ihre Kontraktion, sobald jedes Gas in S, gesandt 
wird.. Aus mehreren Versuchsnoten fiihre ich folgendes an : 
TOL AVE 23 
992 anme Abschuppen u. die Schuppen in die Lésung. 
Temperatur 18,75°C (T,) 
Allmiihlich expandieren die Melanophoren. 
9.53 am weitesten exp. 
do. (+CO,) 18,6°C (T,). 19,7°C! (1). 
bald eintretende Kontraktion. 
10. 5 (—CO,) halbe Kontraktion. 
10.45 Ganz Kont., das zuerst kontrahierende Pigment begann die 
zweite Exp. 
10.15 p.m. Fast ganze Exp., aber einige noch nicht-so sehr exp. 
10.16,5 (+0,) 19,75°C (T,) 20,35°C (T,) 
Kont. tritt bald ein und schreitet allmiihlich fort. 
10.25 (—O,) halbe Kont. 20,5°C (‘T;) 
Melanophoren (zentrale, G) halbe Kont., viele periphere (P) 


expand. noch. Mit der Zeit kont. beide Arten. 


0.42 Ganze JXont. und zweite Exp. 
1.50 Ganze Expansion. 


1.32,5 (+H) 19,75 C (T,) 20, 4°C. (T,) 
Kont. tritt bald ein. 
1.55 Melanophoren (G) beinahe ganz kontrahiert, wiihrend P eben 


ihre Kont. begannen. 


do (—H) 
2.00 Einige expandiert. 
3.00 die meisten expandiert. 


IV. Elektrische Wirkung auf die Farbe 
der lebenden Karpfen. 


Konstanter oder Induktionsstrom wird in die Fischenrdhre Fig. 1 geleitet ; 


die Schliessune des Stromes verdunkelt bald, dann mehr und mehr zamehmend 


ADD 


die Farbe der Karpfen. Aber bald nach der Offnung tritt wieder allmiihliche 
Anpassung an den weissen Boden ein, die man, solange der Reiz dauernt, nicht 
beobachten kann. Diese Dunkelung vollzicht sich in 30-60 Minuten. Es gibt 
keinen Unterschied zwischen dem konstanten- und Induktionsstrom. Allmihliche 


elektrische Wirkunge wurde noch nicht versucht. 


V. Elektrische Wirkung auf die lebenden 
Melanophoren der Schuppen. 


Beide Pole des konstanten- oder des Induktionsstroms in der inneren Schale 
S, Fig. 2, in der die Schuppe sich befindet. Bei der Schliessunge kontrahieren 
die hierzu gut expandierten Melanophoren sehr schnell und die Offnung liisst 
sie wieder, wie vorher, expandieren, aber dieses Phiinomen findet ganz schnell 
statt, und wenn der Strom linger als eine Sekunde einwirkt, so scheinen die 
Melanophoren schon ihre Reaktionskraft zu verlieren. Also muss man den 
Schlussel sofort Gffhen, sobald die Kontraktion auftritt, um wieder die Expansion 


beobachten zu kOnnen. Folgendes als Beispiel : 


OIE ULE 26: 
11" 16" am. Abschuppen. 12,8°C (S,) 


1 Ize Grésste Exp. 10,1° 
12. 20 Schliessen des Stromes. 
12, 20,5 (augenblicklich) Kontraktion deutlich (10,1°C), aber peri- 


pherale Melanophoren noch nicht so deutlich kontrahiert, als 
die zentralen. 
125 206 Offnung: des Stromes, 


bald Expansion, (10,1°C). 


Diese Kontraktion der Melanophoren kann man noch deutlicher an den 


Schuppen anf der Platinelektrode des Induktionsstroms beobachten. 


VI. Ergebnisse. 
1. Lebende Karpfen iindern sich dunkel, d. h. lebende Melanophoren der 
Schuppen der lebenden Karpfen expandieren infolge von plotzlicher wie allmih- 


licher Erwiirmung oder Abkiuhlung. 
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2. Im an Sauerstoff oder Kohlensiiure reichem Wasser, ferner in dem 
mit Wasserstoff beladenen oder gekochten, d. h. weniger (als normales) Gas 
enthaltenen Wasser, und auch 

3. bei der elektischen Wirkung des konstanten wie des Induktions- 
stromes, sowie. 

4. bei jeder diusseren Storung oder Reizung scheint die Dunkelung des 
lebenden Fischkorpers aufzutreten. Also z. B. wenn {die Schnelligkeit des 
Wasserstroms in den Fischroéhren (Fig. 1) verindert wird, kann man auch 
ihre Dunkelung beobachten, selbst wenn die Temperatur des Wassers in 
beiden, Versuchs- und Kontrollréhre, gleich geblieben ist. 

5. Und die Tatsache dass die Melanophoren des Fischenkorpers nach dem 
Tode sich erweitern, dass sie an abgezogenen Schuppen nach der Operation 
noch immer mehr expandieren, dass auch bei Fischen, denen Atropin injiziert 
worden ist, ihre Expansion beobachtet wird- alles dies beweist, dass die Melano- 
phoren einen peripheren Tonus besitzen miissen, der zusammenziehend auf sie 
wirkt. (Diese Atropinwirkung soll noch weiter studiert werden.) 

6. Dagegen kontrahieren die Jebenden Melanophoren an abgezogenen 
Schuppen in der physiologischen Kochsalzlésung, Ringer’schen Lisung und 
in. Karpfenserum durch die gleichen oben beschriebenen Einfliisse. In diesem 
Falle wirken also die gleichen Ursachen in der entgegengesetzten Weise. Ob 
diese Kontraktion durch direkte Wirkung auf die Melanophoren oder indirekt 
durch den Einfluss auf ihre Nervenendigungen hervorgerufen wird, muss noch 


weiter untersucht werden. 


Zum Schluss meiner Arbeit ist es mir eine angenehme Pflicht, meinem 
hochverehrten Lehrer Herrn Prof. Dr. C. IsHikawa nicht nur fir die Anregung 
zu dieser Arbeit, sondern fir sein nur immer zuteil wurde, meinen Dank 


auszusprechen. 
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TAFELERKLARUNG. 
TAFEL XLY. 


Fig. 1-5. Eine Gruppe von Melanophoren an abgezogenen Karpfenschuppen, die Kon- 
traktionszustiinde in verschiedenen Temperaturen und Zeiten zeigend. 
Fig. 1. Vor der Temperatur einwirkung. 
Fig. 2. 9.50—9.55 a.m. 12.4°—13.3°C. 
Fig. 3. 10.20 am. 18.2°C. 
Fig. 4. 10.30—10.34 a.m. 10.9°—10.8°C. 
Fig. 5. 10.35—10.40 a.m. 10.1°—9.6°C. 
Fig. 6-8. Andere Gruppe. 
Fig. 6. 8.25—835 am. 11.8°C. 
Fig. 7. 9.30—9.40 a.m. 13,8°—15.2°C. 
Fig. 8. 9.50—10.4 am. 10.7—10.5°C. 
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